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Zusammenfassung (Deutsch) 
Allium sativum (Knoblauch) besitzt eine sehr lange Tradition in der Medizin. 
Während über die potentiellen gesundheitsfördernden Eigenschaften von Allium 
sativum einiges bekannt ist, weiß man hingegen nichts über eine verwandte 
Pflanze, dem auch im Leipziger Raum weit verbreiteteh Allium ursinum (Bärlauch; 
engl.: wild garlic, ramson), obwohl es seit Jahrhunderten in der Volksmedizin 
eingesetzt wird. Ziel der vorliegenden Studie war es, die möglichen 
Thrombozytenaggregations-hemmenden Eigenschaften beider Allium-Spezies zu 
untersuchen und soweit wie möglich die verantwortlichen Wirkstoffe chemisch zu 
identifizieren. Dazu wurden verschiedene Extrakte (hydrophile und lipophile) 
hergestellt und mittels Dünnschichtchromatographie und HPLC analysiert. Nach 
Identifizierung wirksamer, also aggregationshemmender (s.u.) Extrakte wurde der 
entsprechende Extrakt mittels bioassay-gelenkter Fraktionierung aufgetrennt; die 
nachfolgenden chemischen analysen erfolgten mittels ESI-(Electrospray 
ionization-) Massenspektroskopie und 1d/2d 1H/13C-NMR-Spektroskopie sowie 
funktioneller Testung. Die antiaggregatorische Wirkung wurde an humanen 
Thrombozyten mittels der klassischen turbidimetrischen Methode getestet. Dazu 
wurden die Thrombozyten mit verschiedenen Stimuli (Arachidonsäure, ADP, 
Adrenalin, Kollagen, A23187) mit oder ohne Zusatz der Extrakte, Fraktionen oder 
Sub-Fraktionen aktiviert. 
Extrakte aus beiden Arten, Allium ursinum und Allium sativum, zeigten 
antiaggregatorische Eigenschaften mit EC50 Werten im Bereich von 0.1 mg/ml. Die 
Wirkung kommt über eine Hemmung des ADP-Signalweges zustande vergleichbar 
mit dem Wirkmechanismus der klinisch angewandten Substanz Clopidogrel. Das 
chemische Wirkprinzip in den Extrakten schien eher lipophilen als hydrophilen 
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Charakter zu besitzen. Dieses ist die erste Studie, die eine antiaggregatorische 
Wirkung von Allium ursinum beschreibt. Als eine chemische Struktur, die 
antiaggregatorische Eigenschaften besitzt, konnten aus den Extrakten N-
Sitosterol-3-O-N-D-glucosid mittels ESI und NMR identifiziert werden. Eine 
Abschätzung ergab, dass eine Antiaggregation vermutlich mit 3 bis 5 g der 
getrockneten Blättern erreicht werden kann (Anm.: in der Pharmazie wird häufig 
getrocknetes Pflanzenmaterial verwendet). Eine zweite Substanz mit 
antiaggregatorischer Wirkung konnte als 1-N-D-Galactopyranosid-2,3-bis-
linolenoylglycerat identifiziert werden. Das bei der Herstellung eines 
Phytopharmakons aus diesen Extrakten auftretende Problem des Verlustes von 
aktiven, öligen Komponenten durch die Trocknung der Blätter könnte durch 
Herstellung eines Rohextraktes oder eines Spezialextraktes künftig gelöst werden, 
der in Kapseln mit 120-200 Og z.B. eines Ölextraktes oder Heptanextraktes der 
Allium ursinum-Blätter eine sinnvolle Formulierung darstellen würde, um 
theoretisch die entsprechenden Wirkspiegel zu erreichen. Einschränkend muss 
aber festgehalten werden, dass die hier vorgelegten Untersuchungen in-vitro 
Untersuchungen darstellen und über den in-vivo Metabolismus der Allium-Extrakte 
und der wirksamen Substanzen kaum etwas bekannt ist.  
Die vorgelegte Studie zeigt erstmalig dass Allium ursinum antiaggregatorische 
Wirkungen an Thrombozyten besitzt, und eine ähnliche Wirkung auch mit Allium 
sativum auftritt, die beide künftig in-vivo untersucht werden sollten. Es konnten N-
Sitosterol-3-O-N-D-glucosid und 1-N-D-Galactopyranosid-2, 3-bis-linolenoyl- 
glycerat als zwei der aktiven antiaggregatorische Prinzipien identifiziert werden. 
 
xSummary (English) 
Allium sativum has a long tradition in medicine. While much is known about its 
potential healthy effects, nearly nothing is known about Allium ursinum (wild garlic, 
ramson), which is very common in the area of Leipzig and has been used as a 
herbal remedy since centuries. The aim of the present study was to assess a 
potential anti-platelet activity of these two Allium species and to try to identify the 
chemical active principle. For that purpose various extracts (hydrophilic and 
lipophilic) were prepared from Allium sativum and Allium ursinum, and analysed 
using thin layer chromatography and HPLC. After identifying an active, i.e. 
antiaggregatory extract (see below), the corresponding extract was subjected to 
bioassay-guided fractionation and isolation for subsequent chemical analysis by 
ESI (electrospray ionization) mass spectroscopy, 1d/2d 1H/13C NMR spectroscopy 
and functional testing. Anti-platelet activity was assessed in human platelets 
(platelet rich plasma) using a classical turbidimetric method. Platelets were 
stimulated with various agonists (arachidonic acid, ADP, epinephrine, collagen, 
A23187) with and without the addition of the extracts or the fractions /sub-
fractions.  
Both Allium ursinum and Allium sativum extracts exert antiaggregatory effects with 
EC50 values around 0.1 mg/ml. The garlic extracts are acting by inhibition of the 
ADP pathway comparable as known from the clinically used drug clopidegrel. The 
pharmacological active antiaggregatory component of the extracts appears to be 
lipophilic rather than hydrophilic. This is the first report on an antiplatelet activity of 
Allium ursinum. One final structure determined by ESI-MS and NMR spectroscopy 
which exerts the antiplatelets inhibitory effect is N-sitosterol-3-O-N-D-glucoside. A 
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second compound with antiaggregatory activity was identified as 1-N-D-
galactopyranoside-2, 3-bis-linolenic glycerate. It is considered that about three up 
to five grams of dried leaves might be enough to exert antiaggregatory effects (in 
pharmacy normally dried plant material is used in therapy).  
The problem of loosing the active volatile oily components by drying the leaves in 
future studies looking for the clinical use may be solved by looking for a raw or a 
refined extract which would be the form of a real phytomedical drug; for example 
capsules containing about 120 to 200 micrograms of an alcoholic or better an 
heptane / oily extract gained from wild garlic leaves would be an useful drug 
formulation to reach respective concentrations in blood. However, we have to 
admit that since our investigations were in-vitro, the in-vivo situation is somewhat 
different due to the metabolism, which is nearly unknown. Nevertheless, this study 
shows for the first time that Allium ursinum does exert anti-platelet activity and that 
both Allium species can unfold antiaggregatory effects which are worth to be 
investigated in subsequent in-vivo studies. N-sitosterol-3-O-N-D-glucoside and 1-N-
D-galactopyranoside-2, 3-bis-linolenic glycerate could be identified as two of the 
active antiaggregatory principle. 
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1. Introduction: 
 
1.1 Historical background  
Garlic is well known across the centuries. It was used as a medicine by early 
civilizations (Rivlin 2006 [1], Thomson and Ali 2003 [2]). It has been described as 
early as 1500 BC by the Egyptians as part of their ordinary diet as well as for its 
supposed role in the treatment of variety of diseases. Garlic was mentioned as a 
medicine in some religions (Green and Polydoris 1993 [3], Kahn 1996 [4], Moyers 
1996 [5] Bergner 1996 [6]). In ancient Greece it was called the “performance 
enhancing" agent where it was given as a food for the athletes to supply them with 
power before competitions (Green and Polydoris 1993 [3], Lawson 1998 [7], Rivlin 
2001 [8]). The earliest report of its cardioprotictive effect dates back to the Ancient 
Romans who thought garlic cleans the arteries (Bergner 1996 [6], Riddle 1996 [9]). 
Chinese used garlic as a food preservative as well as a medicine for 
gastrointestinal problems and respiratory disease (Woodward 1996 [10]). Old 
Indians believed that it has a good effect for the treatment of joint infections, heart 
and digestive diseases which is well known nowadays (Woodward 1996 [10], 
Rivlin 1998 [11]). As attention has been made more for the usage of plants in the 
early Renaissance, garlic has taken some importance as it was chosen to be 
grown for medical purposes (Moyers 1996 [5]). 
While garlic was somehow a kind of medicine for the wealthy class in England, still 
it has been used as a daily food for the working class. It was well known for its 
effect on tooth ache, constipation and treatment of dropsy and plaque. The early 
Americans knew garlic by the sailors who imported it from Europe especially 
France and Portugal. It was accepted by a lot of people. Treatment of respiratory, 
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cardiovascular disease and infections was its main purpose of use (Moyers 1996 
[5]). 
 
1.2 Antiplatelets drugs: Types and side effects 
Antiplatelets drugs have been widely used for prevention and treatment of 
coronary artery disease, peripheral vascular disease, stroke and transient 
ischemic attacks. As anticoagulant drugs are used for the treatment of venous 
thrombosis, antiplatelets drugs are mostly effective in the treatment or prevention 
of arterial clots which contain mainly of platelets. There are four major classes of 
Antiplatelets drugs: cyclooxygenase inhibitors (acetylsalicylic acid / AspirinTM), 
thienopyridines (Clopidogrel, Ticlopidine), phosphodiesterase inhibitors 
(Dipyridamole), glycoprotein IIb/IIIa receptor antagonists. In general all 
Antiplatelets drugs can cause bleeding; precautions should be taken seriously with 
patients suffering from gastrointestinal hemorrhage (peptic ulcer disease) and 
uncontrolled hypertension. Most side effects are associated with the below drugs: 
 
1 – Acetylsalicylic acid 
Acetylsalicylic acid or AspirinTM is the most used antiplatelets drug worldwide. It is 
rapidly absorbed from the gastrointestinal tract with a peak concentration reached 
in 30-40 minutes. Side effects of aspirin intake are dose dependent. It ranges from 
simple nausea, epigastric pain, heart burn to massive upper gastrointestinal (GI) 
hemorrhage. The risk of GI bleeding and stroke increase significantly with high 
dose Aspirin intake (500-1500 mg/day) (Roderick et al. 1993 [12], Geraghty et al. 
2010 [13], Taylor et al. 1999 [14]). Furthermore long duration treatment increases 
the risk of these side effects (Derry and Loke 2000 [15]). The addition of a second 
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antiplatelets drug to Aspirin in order to increase it’s efficacy might be of benefit but 
needs further investigation (Antithrombotic Trialists' Collaboration 2002 [16]). 
 
2 – Clopidogrel and ticlopidine 
The thienopyridine derivatives (clopidogrel and ticlopidine) exert their action of 
platelets deactivation through ADP receptor inhibition on the platelets. They are 
mainly metabolized in the liver. If we compare them with Aspirin, thienopyridines 
are associated with a lower risk of GI hemorrhage and upper-GI symptoms but a 
higher incidence of skin rash and diarrhea (Hankey et al. 2000 [17]). 
Ticlopidine and Clopidogrel are well known for their serious complication of 
causing thrombotic thrombocytopenic purpura which if not treated will cause a fatal 
result. Clopidogrel has fewer side effects in comparison to Ticlopidine. It could be 
used as substitute for Aspirin in patients with intolerance or contraindication 
(Zakarija A et al. 2009 [18], Zakarija A et al .2004 [19], Sudlow et al .2009 [20]). 
3 – Glycoprotein IIb/IIIa receptor blockers 
Thrombocytopenia is the most common side effect associated with this group of 
antiplatelets drugs. It ranges from the mild form to the severe one where platelets 
may reach less than 20000/ml (Curtis et al. 2002 [21]). 
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1.3 Need for new approach 
Although Antiplatelets drugs are used by so many patients for treatment purposes 
or as prophylactic agents and still prescribed by many physicians on daily basis 
still we have to answer some very important questions: 
1. Are they used in the correct manner? 
2. Are they prescribed for the correct diagnosis?  
3. Dose their benefits overweighs their potential side effects? 
It is really clear that these drugs are more dangerous and could be life threatening 
in some patients who already have the potential to develop complications because 
of the preexisting disease or severe sensitivity (peptic ulcer disease, bleeding 
tendency and other adverse effects in context with cyclooxygenase inhibition). The 
common complications of the antiplatelets drugs usage and their side effects 
stmiulate a challenge to find a new generation of structures who have more 
favorable points. 
The perfect supposed new generation structures should have:  
1. Less cost than the already existing drugs because some of these agents 
are comparatively expensive, especially in the third world countries. 
2. Fewer side effects (i.e. less gastrointestinal disturbances) as well as no or 
less bleeding from preexisting peptic ulcer disease… etc. 
3. The ability to be used effectively as it is recommended without the need to 
stop it few days before or at time of surgery. 
As garlic has been previously known for it’s antiplatelets action, it was chosen here 
to be studied for the possibility of being the new generation with the perfect action. 
1 Introduction 
5
1.4 Allium sativum (common garlic) 
Allium sativum is the scientific name of the common garlic. It is derived from two 
names, first from the Celtic word “all“ which means burning and the second 
sativum which is latin and mean cultivated or planted. Garlic is an English word 
and it is derived from its Anglo-Saxon origin, gar-leac. This name was chosen 
because of its flowering stalk1.
The root bulb is the part of the garlic that contains the active components 
presented as steam-distilled oil, dehydrated or fresh. Allicin is the major medicinal 
compound obtained from garlic. It appears to be the active substance of garlic. It is 
part of the thiosulfinates which belong to the sulfur-containing compounds where 
garlic is known to be so rich with. Allicin is not a native compound of garlic, it is 
produced when garlic is finely chopped or crushed. The amino acid-like alliin (S-
allylcysteine sulphoxide) reacts with the enzyme allinase (where is also located in 
the plant cell) which transforms allicin into aliin (diallyl thiosulphinate). Raw garlic 
appears to be inactive unless it is chopped, crushed, or chewed. As the acidity of 
the stomach inhibits the action of the enzyme alliinase the effectivety of garlic 
preparations should be protected by the usage of enteric coats. Since the enzyme 
alliinase is inactivated by heat, cooked garlic looses effectivity, so it is advisable to 
add garlic at the end of the recipe rather than from the start.  
There are three famous major types of garlic preparations which are used either 
for scientific studies or as a medicine: 
1 - Raw garlic homogenate which is used mainly for intensive scientific study. It 
is the same as the aqueous extract of garlic. Allicin (allyl 2-
propenthiosulfinate or diallyl thiosulfinate) is the active principle. The 
 
1 Anonymous: Garlic. Lawrence Review of Natural Products 1994; April, pp. 1-4 
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composition of garlic powder is the same as fresh garlic and this apply also 
for the allinase activity. Garlic powder is simply dehydrated, pulverized garlic 
glove (Lawson 1998 [5]).  
For gaining garlic powder often is treated with hot ethanolic steam to 
inactivate the enzymes. This powder has to be incubated in water for some 
minutes to reactivate alliinase. 
2 - Aged garlic extract (AGE). The name AGE refers to 20 months storage of raw 
garlic slices in 15- 20% ethanol. This procedure causes considerable loss of 
allicin and enhances the activity of newer compounds such as S-allylcysteine 
(SAS), S–allylmercapto-cysteine, allixin and selenium which are stable, highly 
bioavailable and antioxidative (Borek 2001 [22]). 
3 - Steam distilled garlic oil which is used mainly in medicine. It is prepared by 
process of steam distillation. It consists of diallyl sulfides (57%), allyl methyl 
sulfides (37%), dimethyl sulfides (6%) and mono- to hexa sulfides (Lawson 
1998 [5]). 
Garlic seems to be a very famous plant for culinary and medical use since long 
time ago. There has been renewd interest for deeper investigations of the 
mechanism of garlic action using new technologies (Bhagyalakshmi et al. 2005 
[23]). The well known antioxidant property of garlic species opened the horizon for 
the possibility of its use in the coming future as a solution for the chronic disabling 
process associated with aging (Rahman 2003 [24], Rahman 2007 [25]). As there is 
insufficient data at present to prove the efficacy of garlic in the prevention or 
treatment of chronic diseases (diabetes mellitus, hypertention) and viral infections 
(common cold), more clinical studies and advanced research need to be 
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conducted in order to investigate its possible beneficial role (Liu CT et al. 2007 
[26], Pittler and Ernst 2007 [27], Lissiman et al. 2009 [28]). 
Garlic exerts its preventive properties and medicinal action through production of 
more than 200 chemicals: sulphuric compounds, enzymes, volatile oils, 
carbohydrates, minerals, amino acids, flavonoids and vitamins like ascorbic acid 
(C), F-tocopherol (E), carotinoids (provitamin A), thiamine (B1), riboflavin (B2) and 
niacin (Ayaz and Alpsoy 2007 [29]). Some studies have showed that garlic may 
exert some protection against some kinds of cancer (Thomson and Ali 2003 [2]). 
One of the mechanisms assumed that garlic fights cancer is enhancing the natural 
immune system of the body rather than deactivating it by the invasive cells 
(stimulates the release of IL-2, TNFF and IFNE and enhance natural killer cells, 
lymphocytes proliferation, macrophage phagocytosis). Garlic antioxidant property 
and stimulation of cytochrome P450 enzymes is another hypothesis of carcinogens 
detoxification by garlic (Butt et al. 2009 [30], Lamm and Riggs 2001 [31]). 
While there has been little evidence-based data which support its role in reduction 
of certain types of cancer such as colon, esophageal, larynx, oral, ovary, prostate 
or renal cell cancers, no definitive role could be identified in other types such as 
breast, lung, gastric or endometrial carcinoma (Kim and Kwon 2008 [32]). The role 
of garlic as antimicrobial agent is known through its antibacterial, antiviral, 
antifungal and antiprotozoal action (Harris et al. 2001 [33], Goncagul and Ayaz 
2010 [34]). The well known active compound in garlic, allicin, exerts its activity 
against wide range of gram positive and gram negative bacteria, Candida 
albicans, Entamoeba histolytica, Giardia lamblia. The chemical reaction of allicin 
with thiol groups of various enzymes is responsible for its antimicrobial activity 
(Ankri and Mirelman 1999 [35]). 
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Morever, a lot of studies were focused on the use of garlic in cardiovascular 
diseases treatment and concomitant events such as fibrinolytic activity 
enhancement, normalization of plasma lipids, platelets aggregation inhibition and 
control of some metabolic disorders (Agarwal 1996 [36], Bordia 1978 [37]; Neil et 
al. 1996 [38], Steiner et al. 1996 [39], Efendy et al 1997 [40], Sobenin et al 2008 
[41], Andrianova et al 2004 [42]). While  there is some data to support the 
antiathersclerotic effect of garlic consumption in humans, the antithromobotic 
activity looks promising but needs more data to have clear conclusions (Brace 
2002 [43], Wojcikowski et al. 2007 [44], Rahman 2007 [45], Ackermann 2001 [46]). 
The progression of the cardiovascular disease has been inversely correlated to the 
consumption of garlic. It has been shown to inhibit enzymes involved in the lipid 
synthesis, increase the antioxidant status and most striking is its ability of platelets 
aggregation inhibition (Rahman and Lowe 2006 [47], Lau 2006 [48]). One of the 
major factors that contribute to the cardiovascular disease as well as dementia 
which both increase with age is the oxidative damage. Aged garlic extract or 
“kyolic” reduces the risk of these diseases by its antioxidant effect (Borek 2006 
[49]). One of the major disadvantages of garlic consumption is the garlic breath 
and body order which are well known complaints by many people.  
Allergic reactions (systemic or local), burns, alteration of platelets function, drug 
interaction are also have been encountered (Borrelli et al 2007 [50]).  
In fresh garlic bulbs 0.35-1.15% alliin (S-allyl-L-(+)-cysteinsulfoxid) has been found 
as well as the enzyme alliinase, which degrades alliin to allicin (allyl-2-
propenthiosulfinate). Allicin decomposes to several volatile strong smelling sulphur 
compounds, such as E- and Z-ajoene and vinyldithiines (Block1992 [51], Sticher 
1991 [52], Jansen et al. 1989 [53], Krest and Keusgen 1999 [54]). 
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High doses of garlic consumption may prolong the bleeding time, so it is advisable 
to stop garlic seven to ten days before any surgical procedure. Clopidogrel 
(Sanofi-aventis and Bristol-Myers-Quibb SNC 2006 [55]) which is a very famous 
antiplatelet drug used especially for stenting procedures should be stopped seven 
days before the day of surgery to reduce the risk of bleeding. The usage of aged 
garlic extract along with oral anticoagulation therapy (coumarin derivatives) seems 
to be safe and has no serious potential hemorrhagic risk in closely monitored 
patients on warfarin anticoagulation therapy. Despite the fact that it is not 
obviously interfered with other drug metabolism, still one should take care if other 
anticoagulant drugs are used (Tattelman 2005 [56], Macan 2006 [57]). 
 
1.5 Allium ursinum (wild garlic) 
Wild garlic (bear’s garlic, wood garlic) grows in fens and river woods of Central 
Europe. The fresh leaves or dried herb is used in local cuisines of Europe. Since it 
has not been cultivated yet, it didn’t gain any importance until several years ago 
where people started to look for this as it is natural. Since its leaves could be 
easily mistaken with other poisonous plants such as lily of the valley and autumn 
crocus several cases of poisoning where reported (Kupper and Reichert 2009 
[58]). 
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Fig (1): a photo of wild Garlic in the Botanical garden Leipzig University.  
 
In the medieval medicine the leaves of Allium ursinum were used as a therapy for 
cardiovascular diseases and upper GI disturbances (Richter 1999 [59]). At that 
time it was named “herba salutaris” for its health-enhancing effects. Well known 
physicians such as Ibn Bultan (1000-1066) highly prescribed it. More recently, in 
our days a cardioprotective action of Allium ursinum was described in-vitro (Rietz 
et al. 1993 [60]). While all portions of Allium ursinum were found to exhibit 
antioxidant property, the leaves were found to have the highest activity (Stajner et 
al. 2008 [61]). The whole vegetation period is from March to June. It is just before 
flowering time where contents are up to 0.4% of total cysteine sulfoxides, that 
means between March and April is best time to harvest Allium ursinum. In this 
period the amount of volatiles precursors are also the highest. Alliin and isoalliin 
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were the main cysteine sulfoxides found. Although the alliinase of Allium ursinum 
exhibit the same properties of the Allium sativum, the substrate specificity has 
some differences (Schmitt et al. 2005 [62]). If the plants are dried, many of the 
compounds are degraded so that the use of the fresh plant is recommended or 
alternatively it has to be lyophilised. In the fresh leaves of Allium ursinum 0.005% 
allicin and 0.07% methyl-L-cysteinsulfoxid as well as E-glutamylpeptides such as 
E-glutamylallylcysteinsulfoxid have been found (Wagner and Sendl 1990 [63], 
Matsuura et al. 1996 [64]), E-glutamylallylcysteinsulfoxid reported to inhibit 
angiotensin-converting enzyme (Sendl et al. 1992 [65], Rietz et al. 1993 [60]). 
Other components such as lectins and flavonoids have been found (Carotenuto et 
al. 1996 [66], Smeets et al. 1997 [67]). Flavonoids were described to be 
responsible for inhibition of platelets aggregation in humans (Carotenuto A et al. 
1996 [66]). As a property similar to other Allium species, it has a marked 
antioxidant activity because of the high content of carotenoids, chlorophylls, 
flavonoids and low toxic oxygen radicals (Stajner et al. 2006 [68]). Some studies 
have shown that Allium ursinum can be a substitute for garlic (Sendl et al. 1992 
[65]). On an experimental level Allium ursinum is found to be more beneficial than 
Allium sativum at a certain concentration. Thus, Allium ursinum showed a higher 
effect in increasing HDL and decreasing of total cholesterol as well as lowering the 
systemic blood pressure (Peuss et al. 2001 [69]).  
It is supposed that Allium ursinum manufactured products might have more 
advantages over that of Allium sativum for several reasons: 
1- They are odorless: Allium ursinum contains considerable amounts of 
chlorophyll, which during digestion binds nitrogen and prevents the 
development of smell associated with garlic breakdown products. 
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2- It has more active substances: more amounts of ajoene (a degraded form of 
allicin), y-glutamyl peptides (GLUT), and more adenosine than in Allium 
sativum.
3- Some of the active substances present in A. ursinum products are not found 
in A. sativum and if found it needs to be taken in larger quantities.  
However, at present there is nearly nothing known on a possible medical use of 
Allium ursinum based on experimental pharmacological investigations. 
 
1.6 Aims of the study 
The aim of the present study was therefore to investigate whether Allium ursinum 
extracts may exert anti-platelet effects and if so, what is the probable mechanism 
of action and which active compounds are responsible for this activity. 
Furthermore, the investigations were performed to investigate whether the effects 
observed are dose-dependent. In parallel, bioassay-guided isolation of the active 
principles should be performed for chemical characterization of the bioactive 
compounds in Allium ursinum.
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2. Materials and Methods                  
2.1 Material 
All equipment, devices and glassware used for preparing extracts and samples are 
specified below. All chemicals, solvents and expendable items are itemized in the 
following tables. 
 
2.1.1. Equipment and Devices 
Table 1  
Analytic Scales MC1 Analytic AC 210 P SARTORIUS 
Centrifuge Labofuge 400 R HERAEUS  
Lyophilization apparatus Lyovac GT 2-E SRK 
With rotary vane vacuum pump Trivac B LEYBOLD 
Magnetic Stirrer HEIDOLPH MR 3001  
Drying Cabinet Type T 6120 HERAEUS 
Pipets EPPENDORF 
200 – 1000 µl
50 -    200 µl
Rotary evaporator Laborota 4001 HEIDOLPH with membrane pump 
VACUUBRAND CVC2 Type M2 2C 
Scales PT 310 SARTORIUS 
Shaker MLW THYS2 VEB Labortechnik Ilmenau 
Ultrasonic Bath Sonorex Super RK 103H BANDELIN electronics Berlin 
Ultraturrax T25 JANKE & KUNKEL IKA Labortechnik 
Ultraturrax T50 JANKE & KUNKEL IKA Labortechnik 
UV Lamp UVIS Type 131100 DESAGA 
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2.1.2 Glassware used in the work   
Table 2: Glassware  
 Item Pieces 
Atomizer (type test-tube atomizer) 2 
Beaker 5000 ml 1 
Column with frit, length = 32 cm, 5.0 cm in diameter 
Column, length = 36.5 cm, 4.0 cm in diameter 
Column, length = 25.0 cm, 1.3 cm in diameter 
1
1
1
Erlenmeyer flasks   250 ml  
Erlenmeyer flasks   500 ml 
Erlenmeyer flasks 1000 ml 
4
6
4
Feeding bottles, 2000 ml 2 
Frit G3 10 cm in diameter 4 
Funnels, 15 cm in diameter 
Funnels,   7 cm in diameter 
2
4
Glass capillaries for TLC 2 
Glass stick length 40 cm 1 
Separation funnel 1000 ml 3 
Round flasks  100 ml  
Round flasks  250 ml 
Round flasks  500 ml 
Round flask  2000 ml 
10 
4
5
1
Rubber collars 5 cm in diameter 2 
Steam distillation apparatus according Ph.Eur. 1 
TLC chambers with ground flange and lid with ground lid flange 
for TLC sheets 20 x 20 cm DESAGA 
3
TLC chambers with ground flange and lid with ground lid flange 
for TLC sheets 10 x 10 cm DESAGA 
4
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2.1.3 Chemicals, reference substances and other materials  
Table 3: Chemicals, reference substances 
Anis aldehyde (4-Methoxybenaldehyde), MERCK-SCHUCHARDT 
Alanine p.a. VEB Berlin Chemie 
Catechin ROTH 
Desglucoruscoside 
Ninhydrine VEB Berlin Chemie 
Sulphuric acid 96-98%, GRÜSSING 
Vanillin p.a. MERCK 
Falcon tubes 50 ml VWR 
Filters, 200mm, 150 mm and 75 mm in diameter 
Hyperoside MERCK 
Pipet tips for Eppendorf pipet 200 – 1000 µl
Pipet tips for Eppendorf pipet   50 – 200 µl
Rutin (Rutoside) ROTH 
Silica gel for column chromatography, 
particle size 0.040 – 0.063 mm, MERCK 
particle size 0.063 – 0.200 mm, MERCK 
TLC sheets silica gel 60 with fluorescence indicator F254 20x20 cm MERCK 
Tubes EPPENDORF  
Solvents 
Acetic acid, commercially pure, BASF 
Butanol, commercially pure, BASF 
Choroforme, commercially pure, BASF, distilled 
Ethanol, commercially pure, denaturated with 1,3% Methyl ethyl ketone (MEK), 
BASF, distilled 
Ethyl acetate, commercially pure BASF, distilled 
Methanol, commercially pure, BASF, distilled 
Water, demineralized  
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2.1.4 Plant material: fresh Allium sativum bulbs were purchased form market and 
fresh Allium ursinum leaves were collected in the Botanical Garden of Leipzig 
University and in the natural habitat in the forests surrounding Leipzig. 
 
2.2 Methods  
2.2.1 Methods of extraction  
2.2.1.1 Extract preparation 
This step was done for comparison of wild garlic to common garlic. The gloves of 
garlic were removed from the bulb and peeled. For general testing of 
antiaggregatory activity, aqueous and methanolic extracts were gained from Allium 
sativum bulbs and fresh Allium ursinum leaves which were yielded by maceration. 
Five grams of plant material were blended in 50 ml methanol using an ultraturrax 
T25 (Janke & Kunkel). Another 5 g of both materials were treated accordingly in 
aqueous medium.The mixtures were stirred for 3 hours at room tempreture.After 
filtering maceration was done three times using a Heidolph MR 3001 K. The 
filtrates were combined and dried in vacuo at 40°C bath temperature and 
afterwards subjected to lyophilization. The dried extracts were frozen and kept at -
20°C. The yields of the dry extracts are shown in Table 4. 
 
Table 4 (yields of the dry extracts from 5 g of the plant materials, respectively)  
Allium sativum 
bulbs 
Aqueous extract 
0.5 g 
Allium sativum 
bulbs 
Methanolic extract
4.54 g 
Allium ursinum 
leaves 
Aqueous extract 
4.45 g 
Allium ursinum 
leaves 
Methanolic extract
1.45 g 
Two TLC were carried out (TLC alliins and allicins, fig.10 and TLC saponosides, 
fig. 11) and all yields subjected to blood testing, fig. 13.  
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2.2.1.2 Steam distillation 
Steam distillation is used to achieve volatile compounds from plants. In 
pharmaceutical biology the steam distillation apparatus according Ph.Eur. is used 
for isolation and quantification of the essential oil from plant drugs. In our 
experiment this test arrangement was used in order to achieve the volatile 
compounds from fresh Allium ursinum leaves. Therefore a 2000ml-round flask was 
filled with 1000 ml water, the steam distillation apparatus was attached. The steam 
distillation apparatus was filled with water by fill nozzle till a stable water level was 
obtained. The round flask was heated by a hemispherical heating mantle till boiling 
where at the hole of the lug remained closed. This idling is required for regulating 
heat in order to reach a distillation velocity of three ml per minute. Afterwards 
distillation was stopped; the lug was opened to obtain the normal water level. 
Through the lug the 3 ml-extention 3 ml of pentane was added. The Ph.Eur. 
proposes xylol for retaining essential oils, in some cases no xylol (e.g. Thymi 
herba Ph.Eur.) is added. In the present work xylol was replaced by pentane since 
xylol has a high boiling point. Xylol can hardly be removed and it could not be 
excluded that xylol may highly influence platelets aggregation testing itself. 
Pentane can be removed easily without reversal of essential oil components since 
its boiling point is below 30°C. Subsequently 500g fresh leaves were transferred 
into the round flask and steam distillation was restarted. The hot water steam 
condenses in the ball condenser, where the other lipophilic volatile substances 
separate from the cooled water. Therefore the volatiles are retained and 
accumulate in the pentane phase placed in the extension. Steam distillation was 
done for four hours; after cooling of the entire arrangement the essential oil was 
obtained by carefully opening of the three-way cock. After water was removed 
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from the measuring tube, the volume of the pentane phase could be metered. By 
subtraction of the volume of pentane employed, a volume of 0.8 ml essential oil 
could be determined. Pentane was removed by slightly warming in water at bath 
temperature of 40°C, a strong smelling greenish yellow oil could be achieved. 
Thus the essential oil could be used for platelets aggregation test.
Fig (2): Steam distillation apparatus according Ph.Eur. In our experiment 
xylol was replaced by pentane (source: Pharmacopoea europaea, 
General methods, chapter 2.8.12: determination of essential oils in 
plant drugs). 
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2.2.2   Methods of characterization 
2.2.2.1 Thin layer chromatography  
Thin layer chromatography (TLC) is a sensitive and effective analytical method, 
which can be performed easily and quickly. TLC enables to achieve precise 
separations of mixtures of high complexity, while only very small sample amounts 
in ranges of some milligrams are needed. Even nanograms of single substances 
can be detected. This method is highly suitable for separations of plant extracts 
based on their complex constituents. Usually normal phase TLC is used in 
phytochemical analytics. The principle of normal phase TLC is the application of a 
polar stationary phase which is surfaced on an aluminium sheet or on glass. This 
stationary phase mostly consists of silica gel; aluminium oxide and cellulose are 
other common stationary phases used in TLC methods. The mobile phase is the 
liquid eluent and can consist of one solvent or a mixture of solvents of different 
polarities, but the mobile phase is less polar than the stationary phase. Common 
mobile phase components are hexane, dichloromethane and ethyl acetate, small 
volumes of polar solvents like alcohols, organic acids and water can be added. 
TLC is performed in a TLC chamber in which the bottom is covered by the eluent. 
Samples are dissolved and put on the TLC surface using small capillaries. For 
separation the TLC sheet is dipped into the solvent and the chamber is closed. 
The solvent is sucked by the dry polar surface by capillary force; when the solvent 
has reached the top of the TLC sheet, separation is done as shown in figure 4. 
Duration of development is dependent on polarity of the eluent. The higher the 
polarity of the eluent the longer is time of development. Separation principle is 
based on polarity of the stationary phase, mobile phase and sample. Components 
are separated according to their different rates of ascending the stationary phase, 
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expressed by their individual retention factors, also called Rf values. Compounds 
of less polarity display fewer interactions with the stationary phase and therefore 
cover more distance than more polar compounds. Single components of mixture 
can be characterized by their Rf values (figure 3). This value is displayed by the 
quotient of the distance covered by the respective substance and of the solvent 
(solvent front). The retention factor is an individual property of each chemical 
compound depending on stationary phase and mobile phase used. Therefore, it 
allows drawing conclusions on the chemical nature of a compound respective 
polarity. The interactions between each component of a sample and the stationary 
phase as well as the mobile phase display the principle of all kinds of 
chromatographic methods as shown in figure 5. After TLC development separated 
substances can be detected by light. Compounds with a great system of double 
bonds like carotenes can be detected by visible light (VIS) by means of their own 
colour; substances possessing a smaller chromophore i.e. flavonoids can be 
detected by long wavelength UV light showing fluorescent spots. Compounds 
having a very small double bond system i.e. small phenolic compound occur as 
erasing spots in short wavelength UV light. Regarding many natural compounds 
like sugars and saponosides a system of b-electrons is too small or lacking; in this 
case, compounds can be visualized by spray reagents. Today, a large assortment 
exists enabling to detect nearly all natural products structures individually. UV-
activities and colouring by spray reagent can give useful informations about 
structural properties of a chemical compound. Therefore, why TLC till now is a 
popular method widely used in research and in industry; especially in 
pharmaceutical sciences. This standard method allows the analysis for identity 
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and quality of plant material and plant extracts. For basic information and 
fundamental methodology a TLC manual [70] was consulted. 
 
In the present experiment thin layer chromatography was used to identify the 
chemical compounds of the Allium sativum and Allium ursinum extracts. TLC was 
carried out on TLC sheets silica gel 60 with fluorescence indicator F254 20x20 cm 
(MERCK), for testing of the fractions small TLC sheets (10 x 10 cm) were used. 
Detection of the different compounds was done under UV light with wavelengths of 
254 nm and 366 nm and by spraying with reagents according to the type of 
compounds. Several different types of TLCs were carried out to identify (1) 
polyphenols (flavonoids and tannins) as well as (2) alliins / allicins and (3) 
saponosides, respectively. All TLCs were carried out on silica gel F-254 60 Merck. 
After development the plates were analyzed below UV 254 nm and 366 nm. In 
general, TLC separation, spot colouring and Rf values of compounds were 
compared to the tables shown in a TLC atlas [71]. 
 
2.2.2.1.1 TLC of polyphenols (flavonoids and tannins) 
The eluent used was ethyl acetate: methanol: water 77:13:10 (Grötzinger K 2005 
[72]). TLC was carried out on TLC sheets silica gel 60 with fluorescence indicator 
F254 20x20 cm. Rutin, hyperoside and catechins were taken for reference. 
Therefore 5 mg of rutin, 5 mg of hyperoside and 5 mg of catechin were dissolved 
in 5 ml methanol. Detection was made using UV light of wavelength 254 nm and 
366 nm. Flavons and flavonols were visualized as ultraviolet erasing (254 nm) 
spots, fluorescent (366 nm) in orange; proanthocyanidins were detected as 
ultraviolet erasing spots. TLC was sprayed with vanillin-sulfuric acid reagent, 
which detects phenolic compounds. After heating at 110° C for 10 min flavonols 
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and flavons were shown as deep yellow spots, proanthocyanidins were visualized 
as intensive red spots. Spray reagents: 1 g of vanillin was dissolved in 100 ml 
methanol. 10 ml sulfuric acid was mixed with 100 ml methanol. First vanillin 
solution was sprayed on TLC, followed by the methanolic sulfuric acid. 
 
2.2.2.1.2. TLC of alliins / allicins 
TLC was performed according to (Kanaki and Rajani 2005 [73]). For analysis of 
the alliins and allicins n-butanol: acetic acid: water 60:40:20 was chosen as 
solvent system. The amino acid Alanin was used as reference showing similar Rf 
according to alliin. Therefore 5 mg of alanin were dissolved in 1.5 ml methanol. 
Detection was made by spraying with ninhydrine reagent. Spray reagent for 
detection of amino (-NH2) groups: 200 mg of ninhydrine was dissolved in 100 ml 
water. After heating at 100° C for 5 min alanin and the alliins could be detected as 
red or pink spots, while allicins were visualized as orange spots in VIS.  
 
2.2.2.1.3 TLC of saponosides 
In the present experiment a solvent was chosen, which was proven of value in 
separation of steroidal saponosides common in the species Allium. TLCs were first 
done according to (Zou et al. 2001 [74], Rauwald and Janßen 1988 [75, 76]). 
Since this separation was not sufficient, the solvent was modified to improve the 
separation. It could be shown, that chloroform: methanol: water 60:40:10 was the 
best system for separation of saponosides contained in Allium ursinum and in 
Allium sativum. Since steroidal saponins from Allium species were not available, 
desglucoruscoside was used as reference. Desglucoruscoside is a steroidal 
saponoside which had been isolated from Ruscus aculeatus by Rauwald and 
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Janßen 1988 [75]. Saponosides were detected by spraying the TLC with 
anisaldehyde-sulphuric acid and developing at 120°C. Saponosides were shown 
as greenish brown spots in visible light. 
 
Fig (3): Model for TLC separation 
Fig (4): TLC method using a TLC chamber with solvent saturated 
atmosphere. (Figure 4 was modified from reference number [70]) 
The Rf value of each compound is 
calculated from the measured distance 
covered by the solvent (S) and by the 
respective compound (C): 
 
Rf = S [cm] / C [cm] 
Eluent (solvent)
mobile and stationary 
front of the solvent
dry coat 
sorbtive saturation 
saturation in chamber 
exchange of 
gas phase 
and fluid 
phase 
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Fig (5): principle of separation based on the different interactions between 
stationary phase, mobile phase and molecules in the sample 
 
2.2.2.1.4 Markers and references for TLC in our experiment  
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Fig (6): substances used as markers and references for TLC analysis to 
determine the group of active compounds. Desglucoruscoside was used as 
an analogue for the saponosides, catechin was chosen as a reference for 
oligomeric proanthocyanidins, and, rutin and hyperoside were the 
references for the flavonoid fraction.
desglucoruscoside from 
Ruscus aculeatus 
catechin hyperoside 
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2.2.2.2      HPLC (High performance liquid chromatography) 
2.2.2.2.1   Definition of the HPLC  
 HPLC is a special sort of column chromatography in which the mobile phase is 
forwarded by pumps instead of gravity. Therefore high pressures can be produced 
implying fast pass of the solvent through the stationary phase. Consequently 
HPLC means scarcely diffusion of the single compounds and higher selectivity of 
separation. HPLC is widely used for identifications and quantifications; but it also 
can be used for isolations of single compounds as preparative HPLC. 
HPLC equipment, also shown in fig. 7, consists of the column, reservoirs for the 
solvents, a high pressure pump system, injection system and a detector. In most 
case the column is connected with a precolumn in order to protect the column from 
insoluble particles. The column exists of a steel tube where in the solid phase is 
densely packed; solvent is moved through capillaries made of steel or stable PVC. 
Solvent is forwarded by the pumps; therefore the flexible tube is jointed with a filter 
system for protection of the pump systems from dust particles. The pumps used in 
analytical HPLC can handle volumes up to 10 ml per minute. The injection system 
consists of a sample loop and an injection valve, by which the sample loop can be 
closed when loading the sample and opened for giving the sample onto the 
column. Concerning the detector, there is a variety of detectors for many different 
requirements; in pharmacy and chemistry the UV detector is the most popular one. 
The simple UV detectors with a turnable channel for one wavelength between 190 
and 800 nm are very sensitive. Today the photodiode array (PDA) detectors are 
preferred; they are less sensitive, but they enable to irradiate all wavelengthes 
ranging from 190 nm and 600 nm simultaneously, so the complete UV-VIS 
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absorption spectrum of any compound can be measured. HPLC also can be 
coupled with MS or NMR techniques. 
In modern HPLC methods reversed phases are used as stationary phase; the 
corresponding mobile phase is an aqueous system occasional containing alcohols, 
polar organic solvents, lyes or acids. This HPLC system is required for most 
medicinal plant drugs by the Pharmacopoea Europaea (Ph. Eur.). 
 
Fig (7): Simple illustration demonstrating HPLC equipment 
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2.2.2.2.2 HPLC in our experiment  
Table 5: HPLC column, solvents, and devices 
 
Column 
 
Nucleosil® 100-5 C18 e.c. 250 x 4 Macherey-Nagel 
(e.c. = endcapped, particle size = 5 µm, length = 
250 mm, inner diameter =4 mm) 
Precolumn KS 11/4 Nucleosil® 100-5 C18 Macherey-Nagel 
Disposable syringe filter Chromafil® GF/PET-45/25 (pore size 0.45 5 µm) 
Macherey-Nagel 
MiccroliterTM Syringe  25µl, Hamilton 
Methanol Licrosolv® gradient grade Merck 
Acetonitril Licrosolv® gradient grade Merck 
Water Licrosolv® gradient grade Merck 
Formic acid 99-100% BASF 
Pumps: Rainin Dynamax Solvent Delivery System 
Model SD 300 with pressure module 7101-080 
Injection system Rheodyne 7125 
Detector: Absorbance detector Model UV-1 with 
xenon lamp, 190-600 nm 
Hardware Macintosh Performance 630 
HPLC apparatus 
Software Rainin Dynamax 
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The HPLC column used in this work was a reversed phase column filled with 
endcapped octadecyl silylated silica gel (RP-18 or C-18), thus a very unpolar 
stationary phase. Specific characteristic of endcappings are stable chemical 
groups to protect the reversed phase material from tiredness. Separation is 
performed by polarity; in contrast to normal phase chromatography polar 
compound elute first, unpolar substances are retained by the stationary phase. It 
also can be observed that small compounds elute earlier than big, bulky 
molecules. Dimensions of the column used were 250 mm in length and 4 mm in 
inner diameter.  
The sample was prepared by weighting 5 mg of each fraction into an Eppendorf 
tube and dissolved in 1000 Ol methanol by using sonar. Then the solution was 
filtered using a Rotilabo tm PTFE pore size 0.45 Om syringe filter ROTH into a new 
Eppendorf tube. 20 Ol of sample solution was injected. 
 
2.2.2.2.3   HPLC of the active compounds 
HPLC was done to the fractions out of 11-17 (1,2,3,4-6,7-14 crystal,7-14 
standard,15-20, 21-25,26-28, 29-33). At the beginning several solvents were 
tested on fraction 26-28 since this fraction is with most different components 
showing UV-absorbance. The solvent systems proved were isocratic and gradient 
systems e.g. water-methanol and formic acid-methanol. Different wavelengths also 
were tested e.g. 210 nm, 254 nm, 360 nm, 430 nm. 
One signal was found occurring in most fractions. This signal is shown as a peak 
at retention time of 3.1 minute. Since the corresponding substance shows high 
absorbance activity at 254 nm maybe is a degradation product from chlorophylls. 
Chlorophyll and their degradation products are detectable with UV light of 254 nm. 
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It should be noted that the HPLC instruments used are highly sensitive and even 
traces of substances can be detected, shown as signals with small and very small 
peak areas. Using an isocratic system containing only methanol as an eluent and 
a wavelength of 254 nm for detection, one and in some fractions a second peak 
could be shown. Some fractions like 4-6 and 7-14-crystals did not show signals 
since there is no chromophor. 
 
2.2.3 Methods of Fractionation and Isolation 
2.2.3.1 Liquid –liquid separation  
2625 grams of fresh Allium ursinum leaves were blended in 3600 ml ethanol 96% 
using an ultraturrax T50 (Janke &Kunkel). The mixture was let for maceration for 
12 hours at room temperature. After filtering maceration was repeated for 12 and 
24 hours, repectively. The combined ethanol solutions were dried in vacuo at 40°C 
bath temperature. The resulting dry extract was dissolved in 700 ml water and 
exhaustively extracted 3 times with 300 ml chloroform and subsequently 3 times 
with 300 ml ethyl acetate . The combined chloroformic phases were dried in vacuo 
at 40°C bath tempreture. The combined ethyl actetate phases and resulting 
aqueous phase were treated accordingly. The resulting extracts and the water 
residue were dried in vacuo and tested by several TLC: TLC on alliins/allicins fig. 
14, TLC on saponosides fig. 15, TLC on phenolic compounds fig. 16, general TLC 
fig. 17. 
All fractions were subjected to blood testing.fig 18. 
The yields are shown in Tab. 6. 
 
2 Materials and Methods   
30
Tab. 6: Yields of the dry extracts from 2625 g fresh Allium ursinum leaves 
Ethanol  
(whole extract) 
Chloroform Ethyl acetate Water 
177,00 g 28,70 g 1,02 g 146,20 g 
2.2.3.2 Column chromatography 
2.2.3.2.1 General Description 
Column chromatography is a method based on the same principles as TLC and 
can be used as analytical as well as preparative method. 
In pharmaceutical biology the gravity column chromatography is widely used for 
preparation of refined plant extracts and for the isolation of single compounds. For 
column chromatography a glass tube with tap is filled with the stationary phase, 
mostly silica gel. A reservoir containing the solvent should be put on the top. The 
mobile phase is pressed over the stationary phase only by gravitation. Compounds 
with low affinity to the solid phase and displaying many interactions with the mobile 
phase have low retention times: they elute early from column. Substances 
showing high affinity to the stationary phase elute late; they possess high retention 
times. The principle of column chromatography is shown in fig. (8.A). 
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Fig (8.A): principle of gravity column chromatography. 
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2.2.3.2.2 Column chromatography of the chloroform extract  
Since the chloroform extract (of step 2.2.3.1) displayed the highest 
antiaggregatory effect on platelets it was selected for further investigations. In the 
present work a normal phase gravity column chromatography was chosen for 
separation of the chloroform extract. Therefore 500 g of silica gel (particle size 
0.063 – 0.200) was elutriated in 1500 ml chloroform and filled into a glass column 
(length 32 cm, 5 cm in diameter). 25 g of the chloroform extract was dissolved in 
20 ml chloroform: methanol 95:5. Eluation was done with 3000 ml chloroform 
subsequently with 3000 ml chloroform : methanol 95:5, 3000 ml chloroform : 
methanol 9:1, 3500 ml chloroform : methanol 8:2, 1000 ml chloroform : methanol 
60:40, 1000 chloroform : methanol 50:30 and 2000 ml of methanol. Fraction size 
was 500 ml, 28 fractions were taken and analyzed by TLC. Fractions with similar 
characters were unified and dried in vacuo. The fractions obtained are shown 
below in table 7. 
 
Table (7): Fractions with yields 
fraction numbers yields [g] 
2 to   4 2,29 
6 to   7 0,32 
5 0,15 
8 to   9 0,51 
10 9,82 
11 to 17 4,87 
18 to 28 6,66 
An overview TLC for the fractions mentioned above was carried under similar 
conditions as described in chapter 3.3.2 fig 19 (TLC of the most active fraction 
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from chlroformic extract) and all fractions were subjected to blood testing (figure 
20). 
2.2.3.2 .3 Column chromatography of the most active fraction (11-17) 
As Fraction 11-17 was found to have the most antiplatelets aggregatory effect, the 
fraction 11-17 was fractionated again by repeated column chromatography. 
Therefore a glass column (36.5 cm in length, 4 cm in diameter) was prepared 
stuffing the outlet with cotton batting and a layer of sand. Then the column was 
filled with 200 g of silica gel (particle size 0.040 – 0.063) elutriated in ethyl acetate. 
The solid phase had a total volume of 460 ml. The solid phase was rinsed with 
1000 ml ethyl acetate. After that fraction No. 11-17 (4.87 g) was dissolved in 20 ml 
ethyl acetate and put on the column. Eluation was done with 5250 ml ethyl acetate 
followed by 500 ml ethyl acetate : methanol 8:2, 500 ml ethyl acetate : methanol 
6:4, 500 ml ethyl acetate : methanol 4:6, 500 ml ethyl acetate : methanol 2:8 and 
1000 ml methanol. Fraction size was 250 ml, 33 fractions were gained. Fractions 
were united in accordance to TLC results and dried in vacuo except fraction no. 7-
14. Fractions were gained as in table 8. 
 
Table (8): Fractions obtained from fraction 11-17 with yields 
fraction numbers yields [g] 
1 0,106 
2 0,094 
3 0,091 
4 to   6 2,230 
7 to 14 0,170 
15 to 20 0,038 
21 to 25 2,177 
26 to 28 0,038 
29 to 33 0,016 
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An overview TLC of the fractions mentioned above was carried under similar 
conditions as described in section 2.2.2.1.3 (TLC of saponosides), figure 21. 
All fractions out of 11-17 were subjected to blood testing figure 22. 
 
Fraction No. 7 – 14 was concentrated to a volume of 50 ml by in-vacuo rotation 
and let at a temperature of –16° C for twelve hours. The green solution showing 
greenish white precipitate was centrifuged using a speed of 4000 rpm at 4° C for 
15 min. The supernatant was reduced to a volume of 10 ml and let at –16° C for 
two days. The greenish white precipitate was treated as mentioned above. 
The white precipitates and the green supernatants were united and dried in vacuo, 
respectively: 
 
Fraction 7-14, green supernatant:        0.134 g 
Fraction 7-14, white pellet crystals:                      0.035 g 
All fractions out of 11-17 were submitted to HPLC separation. HPLC was carried 
out using a Rainin Dynamax TM HPLC system. 
 
2.2.3.2.3.1   Column chromatography of the most active fraction out of 11-17 
(fraction number 1) 
Blood testing showed fraction No.1 out of fraction 11-17 (step 2.2.3.2.3) as the 
most active fraction. Fraction No.1 was submitted to repeated column 
chromatography. Therefore a glass column (25 cm in length, 1.3 cm in diameter) 
was prepared stuffing the outlet with cotton batting and a layer of sand. Then the 
column was filled with 20 g of silica gel (particle size 0,040 – 0,063) elutriated in 
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chloroform. The solid phase had a total volume of 25 ml. The solid phase was 
rinsed wih 50 ml chloroform.  After that fraction No.1 (0,106 g) was dissolved in 2.5 
ml chloroform and put on the column.  Eluation was done with 250 ml chloroform, 
followed by 50 ml methanol. Fraction size was 6 ml, 42 fractions were gained; the 
methanolic eluate was taken as one fraction (end fraction). Fractions were united 
in accordance to TLC results and dried in vacuo. TLC was carried out on TLC 
sheets 10 x 10 cm using chloroform as solvent system. Fractions were obtained as 
shown in table 9. The effect of different stimuli for fraction 1 as well as dose 
response activity demonstrated by log EC50 was measured as shown in fig 24, fig 
25 and fig 26. 
 
Tab (9): fractions obtained from fraction 1 with yields 
fraction numbers yields [mg] 
1 – 2 2.0 
3 – 4 2.0 
5 – 7 31.0 
8 – 15  10.0 
16 – 18    4.0 
19 – 22    3.0 
23 – 42  13.0 
methanolic eluate 59.0 
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2.2.4 Methods of chemical identification, nuclear magnetic resonance (NMR) 
2.2.4.1.   Definition  
 NMR (nuclear magnetic resonance) techniques are used to elucidate the 
chemical structures of synthesized or natural compounds. The basic principle of 
this method is the deflection of atom kernels when subjected to strong magnetic 
fields. Like electrons every proton and neutron has a negative or a positive spin. 
Nuclei possessing an odd number of protons and neutrons have a magnetic 
moment, since their spin is not balanced. Isotopes with odd nuclei are i.e. 1H, 13C
and 15N. Subjected to a strong magnetic field, energetic differences will occur in 
these kernels; this phenomenon is called the Zeeman Effect. The neutrons and 
protons absorb the electromagnetic energy and radiate it back by a special 
frequency which is expressed by the signals showing the chemical shifts. This 
frequency of resonance, the Larmor frequency, is not the same for all atom 
kernels; it depends on the individual magnetic fields and atom weights of their 
neighbor atoms, so resonance is individual. Consequently, NMR is highly 
applicable for structural elucidation. 
In this project NMR spectrometry was carried out using a VARIAN GEMINI 300, 
substances were dissolved in deuterated pyridine and measured using magnetic 
fields of 300 MHz. 
 
2.2.4.2 NMR methods  
In our experiment the following NMR methods were carried out:  
1-1d 1H-NMR  
2-2d 1H-NMR (COSY)  
3- 13C-NMR including DEPT, HMBC and HMQC  
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2.2.4.2.1   1d 1H-NMR (one dimensional proton NMR) 
The 1d 1H-NMR is a one dimensional proton NMR. The positions of the protons 
describe the types of chemical shifts which appear in signals, the number is 
displayed by the peak areas shown as integrals. Three types of chemical shifts are 
known: the low field type chemical shift ranges from 0.8 to 4.8 ppm (0.8 up to 2.0 
ppm means methyl group proton, 2.0 up to 4.8 ppm methylene group proton); the 
intermediate chemical shift posses values about 5.0 ppm (hydroxyl group proton); 
the high field chemical shift reaches from 6.0 up to 9.0 ppm (double bond system 
proton). The spin-spin-couplings are described by the multiplicity of the signals. 
Couplings between protons will result in dublets, triplets, and quadrublets. Singlet 
describe coupling without splitting of signals. The coupling constant J which is 
measured in Hertz is used to express the distance between two proximate signals 
and differentiate between couplings across the bonds. 
 
2.2.4.2.2  2d-1H-NMR (COSY) 
The correlation spectroscopy (COSY) facilitates the analysis of correlations. It is a 
two-dimensional nuclear magnetic resonance and shows homonuclear 
correlations between protons. These spin-spin couplings result from the bound 
electrons forming characteristic interactions to a nuclear spin. The resulting 
spectrum displays the signals as contour lines like on a map. The spectrum shows 
a diagonal formed by peaks. Non diagonal peaks are defined as cross peaks; they 
indicate the spin-spin coupling of the protons.  By matching the centers of the 
cross peaks together with each of the two related peaks, coupling of neighbored 
protons can be indetified.  
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2.2.4.2.3 1d-13C-NMR 
1d-13C-NMR is a one-dimensional carbon NMR. This method demands stronger 
magnetic fields and a higher amount of sample, since the 13C-isotope occurs rarely 
in nature. Signals are displayed in ranges from 10 up to 200 ppm. Similar to the 
proton spectra, there are characteristic high field and low field chemical shifts. 
Whereas -13CH3-signals occur with 15 up to 25 ppm, 13CH2-signals are found 
about 30 ppm and 13CH-signals about 70 ppm. 13C=13CH3-signals show chemical 
shifts about 115 up to 120 ppm, 13C=O-signals occur from 160 up to 205 ppm. 
 
2.2.4.2.3.1  DEPT (Distortionless Enhancement by Polarization Transfer) 
DEPT is used to differentiate the types of carbon atoms. It is more sensitive than 
1d-13C-NMR because of its ability in polarization transfer. The method of choice is 
DEPT-135. The number indicates the flip angle of the editing proton pulse in the 
sequence. 13CH3-groups and 13CH-groups show positive signals, 13CH2-groups 
show negative signals. The quarternary carbons display no signal. 
 
2.2.4.2.3.2   HSQC (Heteronuclear Single Quantum Coherence)  
HSQC is a two-dimensional method to display the chemical shifts of two different 
nuclei coupling with another. The mechanism of action is application of one 90-
degree pulse to the proton so as to see their chemical shift. By application of the 
second pulse to both proton and carbon, the chemical shift of protons will affect 
carbon magnetization as it is transferred from proton to carbon. Thus in HSQC 
spectra only signals of directly connected nuclei are recorded. 1H-13C-HSQC is a 
favorite method for structure elucidation of complex organic compounds. HSQC 
sometimes can be used to elucidate the anomeric systems of heteroglycosides. 
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2.2.4.2.3.3  HMBC (Heteronuclear Multible Bond Coherence) 
HMBC is a two-dimensional heteronuclear method similar to HMQC. In the 
opposite, HMQC correlations of several bonds are shown in the respective 
spectra. In 1H-13C-HMBC spectra usually display correlations over two to three 
bonds. 
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2.3   Materials and methods used in blood testing 
2.3.1   Materials:         
2.3.1.1 Chemical materials: 
1. ADP: moelab GmbH 
2. Collagen: moelab GmbH 
3. Arachidonic acid: moelab GmbH 
4. A23178: moelab GmbH 
5. Epinephrine: moelab GmbH 
 
2.3.1.2 Solutions: 
1. CaCl2: Carl Roth GmbH + CO.KG 
2. PBS:    
1- NaCl(8:00 gm), Carl Roth GmbH + CO.KG 
2- KCl (0.20gm), Merck KGaA 
3- Na2HPO4 (1.15gm) Merck KGaA 
4- KH2PO4 :( 0.20gm) Riedel-de Haen. 
 3. DMSO (dimethylsulfoxide): Carl Roth GmbH + CO.KG 
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2.3.1.3   Equipment and Devices  
2.3.1.3.1   Blood centrifigation device 
5 ml blood was taken from six volunteers, respectively. These blood samples were 
centrifuged at 150 rpm for 15 minutes to obtain platelet rich plasma, followed by a 
second centrifugation (1500 rpm, 15 minutes) for obtaining the platelets poor 
plasma (used as blank value). 
 
2.3.1.3.2 Platelets count device 
After centrifusion of the plasma in order to get platelets rich plasma, the blood of 
every volunteer should be tested for its platelets count before examining the 
aggregation profile. The normal platelets count is between 150,000-450,000 
platelets in each microliter of blood. 
2.3.1.3.3 Platelets aggregation profiler 
The PAP-4 is a four chanel aggregometer based on the turbidimetric method.The 
principle, platelets are stirred and light transmission is measured. Upon activation 
platelets start to form pseudopodia thereby transiently reducing light transmission 
thereafter, platelets aggregate and move to the bottom of the cuvatte this allowing 
higher light transmission. By measuring the transmitted light this process of 
platelets aggregation can be monitored. 
2.3.2 Methods of measuring platelets aggregation and the inhibitory activity 
of the extracts 
2.3.2.1   In-vitro examination 
The extracts were examined in-vitro in blood samples of six healthy volunteers of 
both gender aged between 25 and 35 years. The same candidates were used as 
controls and for garlic testing. 
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2.3.2.2. Platelet aggregation 
Citrated blood samples were centrifuged at 150 rpm for 15 minutes to obtain 
platelet rich plasma, followed by a second centrifugation (1500 rpm, 15 minutes) 
for obtaining the platelet poor plasma (used as blank value). The plasma was pre-
incubated with CaCl2 (1 mm) for 5 minutes. Dissolved garlic extract was prepared 
using a stock solution of 5 mg/ml Allium extract with 1 ml of PBS (phosphate 
buffered solution pH 6). In the next step 50 Ol of the stock solution was incubated 
with 450 ml of platelet rich plasma for 5 minutes. Platelet aggregation was then 
measured in a four-channel aggregometer (PAP-4 moeLab™, Berlin, Germany), 
using the turbidimetric method, according to the manufacturers manual. After 
preincubation for 5 minutes at 37° C, platelets were stimulated by addition of: 
 
1. ADP (20 OM): ADP is a lyophilized preparation of adenosine-5-diphosphate. 
The working concentration of reconstituted reagent is 20 OM. When added to 
platelets rich plasma, ADP stimulates platelets to change their shape and 
aggregate. Aggregation induced by exogenous ADP is referred to as primary 
aggregation and is reversible. Normal platelets will further respond by 
releasing endogenous ADP from their granules. Release of endogenous ADP 
produces a secondary wave of aggregation, which is reversible. 
2. ARA (0.5 mg/ml): Arachidonic acid is a lyophilized preparation of sodium 
arachidonate. The working concentration of the reagent is 5mg/ml. ARA is a 
fatty acid present in the granules and membranes of the human platelets. It is 
liberated from the phospholipids and in the presence of the enzyme cyclo-
oxygenase, incorporates oxygen to form the endoperoxide prostaglandin G2 
(PGG2). In vitro addition of ARA to normal platelets rich plasma results in a 
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burst of oxygen consumption, thromboxane formation and platelets 
aggregation. However in the presence of Aspirin or Aspirin containing 
compounds, these reactions are abscent. 
3. Collagen (0.19 mg/ml): Collagen is a lyophilized soluble calf skin collagen. The 
working concentration of the reagent is 1.9 mg/ml. When collagen is added to 
the platelet rich plasma, the platelets adhere to the collagen. Following the 
adhesion, normal platelets will change their shape, release endogenous ADP, 
and aggregate. 
4. A23178 (4 Og/ml) 
5. Epinephrine (20 OM): Epinephrine is a lyophilized preparation of adrenaline. 
The working concentration of the reconstituted reagent is (20 OM). When 
added to platelets rich plasma, epinephrine stimulates platelets to aggregate. 
Aggregation induced by epinephrine is referred as primary aggregation. 
Normal platelets will further respond by releasing endogenous ADP from their 
granules. Release of endogenous ADP results in a secondary wave of 
aggregation. 
Since the results revealed  that garlic extracts act on a specific pathway (ADP 
indueced aggregation) we investigated the concentration–response curve for the 
Allium sativum and Allium ursinum extracts at 5 mg/ml, 3 mg/ml, 2 mg/ml, 1 mg/ml, 
0.5 mg/ml, 0.2 mg/ml, 0.1 mg/ml and 0.02 mg/ml. 
Different Allium ursinum ethanolic extracts and subsequent chloroform fractions 
were examined on blood platelets as the same above mentioned procedure using 
ADP as a stimiulant to see their inhibitory action in order to elucidate the chemical 
entity of the effective compound. 
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3. Results  
3.1 Platelets antiaggregation effect 
Aim of the present work was to investigate the platelet aggregation inhibiting 
potential of Allium ursinum. Substances with well-established mechanisms of 
aggregation were employed for comparison, i.e. ADP, collagen and epinephrine. 
Further, the wild garlic (Allium ursinum) leaves were used to compare with the 
bulbs of common garlic (Allii sativi bulbus Ph. Eur.). There is a monography in the 
Pharmacopoea europaea for common garlic bulb powder, and effects of this drug 
are well-investigated. In the present experiment isolation and structure elucidation 
of the biological active components also had to be done.
3.1.1 Effects of common Garlic (alcoholic extract of Allium sativum [2.2.1.1])
on platelets aggregation and it’s mechanism of action 
Platelet rich plasma (PRP) of healthy volunteers was obtained and yielded platelet 
counts of 100.000 -150.000 platelets / µl in the platelet rich plasma. 
The PRP was stimulated by ADP (20 OM), collagen (0.19 mg/ml), ARA (0.5 
mg/ml), A23187 (4 Og/ml), epinephrine (20 OM). Figure 9 demonstrates a normal 
reaction after induction with the different stimuli resulting in aggregation of more 
than 50% (baseline). After preincubation of PRP with the alcoholic extract of Allium 
sativum platelet aggregation was significantly suppressed (garlic treatment), 
especially in the ADP mediated pathway. 
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Fig (9): Platelet aggregation determined by LTA (light transmission 
aggregometry) in platelet rich human plasma (n = 6 healthy individuals) at 
baseline and after incubation with alcoholic garlic extract from Allium 
sativum [method chapter 2.2.1 page 16]. *p < 0.05 baseline versus garlic 
treatment. 
 
*
* *
*
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3.1.2 Testing of the aqueous and methanolic extracts (comparison of wild 
garlic to common garlic) 
For general testing if whether Allium ursinum has any antiplatelets activity 
comparable to common garlic aqueous and methanolic extracts were gained 
from Allium ursinum fresh leaves and they were prepared as described in 
chapter 2.2.1.1 and aqueous and methanolic extract were prepared as well for 
Allium sativum bulbs. In the present work two different TLCs for common garlic 
and wild garlic were done in order to compare the whole extracts of both plant 
drugs in respect of their chemical composition. Therefore two groups of 
compounds with known bioactivity were chosen: the alliins and allicins and 
their by-products were investigated (figure 10) as well as the saponoside 
pattern (figure 11).  
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Fig (10): TLC on alliins (reddish pink) and allicins (orange) in the garlic and 
wild garlic whole extracts, developed in the solvent system butanol: acetic 
acid: water 60:40:20, sprayed with ninhydrine solvent. 1 = aqueous extract 
from garlic bulbs, 2 = methanolic extract of garlic bulbs, 3 = commercial 
aqueous extract from garlic bulbs (20 µl), 4 = commercial aqueous extract 
from garlic bulbs (30 µl), 5 = aqueous extract from wild  garlic leaves, 6 = 
methanolic extract from wild garlic leaves, R = alanine (marker).  
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Fig (11): TLC on saponosides in the common garlic and wild garlic whole 
extracts, developed in the solvent system chloroform: methanol: water 
60:40:10, after spraying with anisaldehyde reagent and heating. 1 = aqueous 
extract from garlic bulbs (20 µl), 2 = aqueous extract from garlic bulbs (30 
µl), 3 = aqueous extract from garlic bulbs (40 µl), 4 = aqueous extract from 
wild garlic leaves (20 µl), 5 = aqueous extract from wild garlic leaves (30 µl), 
6 = methanolic extract from wild garlic leaves (30 µl), R = desglucoruscoside 
(marker).  
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In comparison to common garlic bulb extracts the methanolic and aqueous 
extracts of wild garlic leaves showed some accordance in occurrence of natural 
compounds like the cysteinsulfoxides and their derivatives. Analysis by TLC 
exhibited a lower concentration of alliin in wild garlic in comparison to common 
garlic. Moreove, in wild garlic the content of allicin seems to be higher. The 
methanolic extracts of both, common garlic and wild garlic had a higher total 
amount of components than the aqueous extracts. This result is contrary to the 
expectance of a higher alliin / allicin content in the aqueous extract, since allicin is 
formed by enzymatic alliin degradation. Maybe extraction power of methanol was 
higher than the effectivity of water. However, allicin is formed by any injury of the 
plant cell, thus bringing out high contents allicin by comminution of plant material. 
The alliin / allicin pattern of wild garlic exhibits only slight differences in the 
contents of the different alliins (figure 10). The reddish pink alliine spots show a 
similar Rf range like the red spot of alanin. Other alliins are shown as red and pink 
spots above the alliin spot. The orange spots below alliin are considered to be 
allicin. Concerning the saponosides wild garlic shows a pattern similar to common 
garlic, whereas the methanolic extract exhibited a higher concentration of 
saponosides than the aqueous extracts. As shown in figure (11), the saponosides 
appear as greenish to grey blue spots with Rf range of 0.25 and 0.35 as well as 
0.62, the desglucoruscoside shows greenish spots at Rf 0.5. In comparison with 
the desglucoruscoside having three monosaccharide residues, it can be assumed 
that the main saponosides possess two (Rf 0.62), four (Rf 0.35) and five (Rf 0.25) 
monosaccharide residues. Saponosides with correlative structures are described 
by (Dini et al. 2005 [77], Carotenuto et al. 1999 [78] and Kawashima et al. 1993 
[79]). 
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3.1.3 Allium ursinum effect on Platelet aggregation (extract method 2.2.1.1) 
To examine the effect of Allium ursinum on platelet aggregation, PRP from the 
same volunteers was incubated with either an aqueous extract of Allium ursinum 
(light grey) or an alcoholic extract (dark grey) and compared to baseline values 
using different stimuli (Figure 12). The aqueous extract exhibited an unspecific 
effect on platelet aggregation independently from the stimulus which was used, 
thus, suggesting an unspecific effect rather than specific pharmacological 
interaction in the aggregation process itself. In contrast, the alcoholic extract of 
Allium ursinum affected platelet aggregation only in the ADP and to a lesser extent 
in the ARA and epinephrine pathway. These results would be in contradiction to 
earlier works on Allium Sativum (Mohammad and Woodward 1986 [80], 
Liakopoulou-Kyriakides 1984 [81]) with the findings of allicin as the main 
aggregation inhibiting compound; but in accordance to (Manaster et al. 2009 [82] 
)describing the mechanism of allicin reaction, indicating the antiaggregatory effect 
seen here might be caused by other substances. 
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Fig (12): Platelet aggregation determined by LTA in platelet rich human 
plasma (n=6 healthy individuals) at baseline and after incubation with 
aqueous extracts or alcoholic extracts of Allium ursinum (5 mg/ml) method 
chapter 2.2.1.1. * p<0.05 baseline versus aqueous extract. #   p<0.05 baseline 
versus alcoholic extract. 
 
.
3 Results  
53
3.1.4 Concentration response curve for Allium sativum and Allium ursinum 
(methanolic extracts 2.2.1.1) 
After it had become obvious that garlic extracts act on ADP-induced aggregation, 
we investigated the concentration response curve for the Allium sativum and 
Allium ursinum extracts using 5 mg/ml, 3 mg/ml, 2 mg/ml, 1 mg/ml, 0.5 mg/ml, 0.2 
mg/ml, 0.1 mg/ml and 0.02 mg/ml. 
 Statistical Analysis: Statistical analysis was performed using SPSS statistical 
software (SPSS v.10.0.7; Chicago, IL, USA). Continuous data are presented as 
mean ± SEM. For comparison of continuous data T-test or Mann-Whitney-test (if 
normality failed) was utilized. The concentration response curve was analysed and 
fitted using GraphPadPrism (Vers. 4; GraphPad Software Inc., San Diego, USA). 
Concentration-response relationship regarding inhibition of ADP-induced platelet 
aggregation for the alcoholic wild garlic (Allium ursinum) extract was studied in 
comparison to the alcoholic Allium sativum extract, and revealed a clear sigmoid 
concentration-dependent effect (r2=0.97, p<0.01) for both extracts (figure 13). 
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3.2 Fractionation of the alcoholic (ethanolic) extract from wild garlic leaves 
(method chapter 2.2.3.1) 
As the alcoholic extract was found to exhibit a specific antiplatelets activity by 
inhibition of the ADP, it was chosen for further fractionation. 
Liquid-liquid fractionation of the ethanolic extract yielded several phases: 
chloroform phase, an ethyl acetate phase and a resulting aqueous phase. The 
volatile oil fraction was achieved by steam distillation of the fresh herb. This 
fractionation allowed a separation of the compounds into an unpolar (chloroform), 
middle polar (ethyl acetate) and polar group (water). 
 
3.2.1 TLCs of the ethanolic extract of wild garlic  
Separation of the different groups of components was achieved by liquid-liquid 
fractionation of the ethanolic extract from wild garlic leaves. As shown in figure 14, 
TLC analysis on alliins and allicins indicated the occurrence of these substances 
only in the aqueous phase, whereas the ethyl acetate extract and the chloroformic 
extract did not contain any of the cysteinsulfoxides or derivatives. Figure 15 shows 
that saponosides with greater glycoside residues are accumulated in the aqueous 
phase, visualized as brownish spots with Rf ranges 0.1 up to 0.2. In the ethyl 
acetate extract some weak violet spots with Rf ranges of 0.6 and 0.7 appeared, 
these spots seem to be triterpenes, phytosterols or saponosides with short 
glycoside residues or aglycones. These violet spots are found in the chloroform 
extract in very high concentrations beside carotinoids and chlorophylls (Rf ranges 
0.9 to 1.0). In TLC analysis of phenolic compounds (fig 16) flavons and flavonols 
were visualized as ultraviolet erasing (254 nm) spots showing orange 
fluorescence; proanthocyanidins were detected as ultraviolet erasing spots. TLC 
was sprayed with vanillin-sulfuric acid reagent. After heating at 110° C for 10 min 
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flavonols and flavons were shown as deep yellow spots, proanthocyanidins were 
visualized as intensive red spots. A “general” TLC (figure 17) showed the 
occurrence of rather polar flavonoids in the aqueous phase, visualized as an 
ultraviolet erasing (254 nm) spot with Rf range of 0.5, fluorescent in orange and of 
yellow colour after spraying. Another, a less polar flavonoid of Rf 0.7 was found in 
the ethyl acetate extract.  
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Fig. 14: TLC on alliins and allicins in the wild garlic extracts fractions, 
developed in the solvent system butanol: acetic acid: water 60:40:20, 
sprayed with ninhydrine solvent. 1 = ethanolic extract (20 µl), 2 = aqueous 
phase (20 µl), 3 = ethyl acetate extract (20 µl), 4 = chloroformic extract (20 
µl), 5 = ethanolic extract (30 µl), R = alanin (marker). 
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Fig (15): TLC on saponosides in the wild garlic extracts developed in the 
solvent system chloroform: methanol: water 60:40:10, after spraying with 
anisaldehyde reagent and heating. 1, 5 = ethanolic extract (10 µl), 2 = 
aqueous phase (20 µl), 3 = ethyl acetate extract (20 µl), 4 = chloroformic 
extract (20 µl), R = desglucoruscoside (marker).  
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Fig (16): TLC on phenolic compounds in the wild garlic extracts fractions 
developed in the solvent system ethyl acetate: methanol: water 77:13:10, 
after spraying with vanillin-sulfuric acid reagent and heating. 1, 5 = ethanolic 
extract (20 µl), 2 = aqueous phase (20 µl), 3 = ethyl acetate extract (20 µl), 4 = 
chloroformic extract (20 µl), R = hyperoside and rutin (marker). 
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Fig (17): “general” TLC of the wild garlic extracts, developed in the solvent 
system chloroform: methanol: water 60:40:10, after spraying with vanillin-
sulfuric acid reagent and heating. 1 = ethanolic extract (20 µl), 2 = aqueous 
phase (10 µl), 3 = ethyl acetate extract (20 µl), 4 = chloroformic extract (20 
µl), 5 = ethanolic extract (10 µl), R = alanin (marker), R = desglucoruscoside 
(marker). 
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3.2.2 The results of antiplatelets aggregation of the four ethanolic Allium 
ursinum extracts (method chapter 2.2.3.1) 
 Four different extracts of Allium ursinum (chloroform phase, ethyl acetate phase, 
water phase as well as the essential oil) of the ethanolic extract were subjected to 
blood testing to investigate their effects on rates of platelets aggregation. It was 
clear that the ethyl acetate phase is the most potent form followed by the 
chloroform extract and to a lesser extent the oily phase. As unexpected, the water 
phase of the Ethanolic did not have any role in preventing platelets aggregation, 
as illustrated in figure 18. By reason of the small amount of ethyl acetate extract 
and high yield of chloroform phase, the latter was taken for further investigations. 
 
Fig (18):  Effect of different extracts of Allium ursinum (methods 2.2.3.1) on 
the rates of platelets aggregation, the control group: platelet rich plasma 
without Allium ursinum treatment, stimulated with 20SM ADP. 
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3.3 Separartion of the chloroform extract  
3.3.1 Column chromatography for the chloroform extract of alcoholic Allium 
ursinum raw extract 
The chloroform extract was chosen for further examination due to its strong 
inhibitory activity and the high yield gained form the fresh herb. Thus it was 
subjected to gravity column chromatography for further fractionation which 
resulted in 28 fractions. Fractions were united according analogies in pattern 
achieved by TLC analysis as shown in table 7 chapter (2.2.3.2.2) and dried in 
vacuo. 
 
3.3.2 TLC of the most active fraction from chloroformic extract (method 
chapter 2.2.3.2.3) 
Analysis of the active fractions by TLC evidenced the most active fraction 11-17 
containing a high concentration of substances showing violet spots with Rf range 
about 0.7 beside carotinoids and chlorophylls, as presented in figure 19. The less 
active fraction 10 showed high concentrations of chlorophylls and two spots, a red 
spot (Rf 0.88) and deep violet spot at Rf 0.69, but in a much lower concentration. 
Fraction 18-28, the fraction that exhibited no activity at all, showed a pattern 
related to that of 11-17, but the spots with Rf values of 0.88 and 0.69 were absent. 
So it is to assume that one of the substances showing an intensive red spot (Rf 
0.88) and an intensive violet spot (Rf 0.69) is the active one. 
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Fig (19): TLC on the fractions of the chloroform extract developed in the 
solvent system chloroform: methanol: water 60:40:10, after spraying with 
anisaldehyde reagent and heating. 1 = fractions 8-9, 2 = fraction 10, 3= 
fractions 11-17 (10 µl), 4 = fractions 11-17 (20 µl), 5 = fractions 11-17 (30 µl), 6 
= fractions 18-28, R = desglucoruscoside (marker). The most active fraction 
is 11-17, which contains chlorophylls (Rf range 0,91 and 0,98, green in VIS), 
carotinoids (0,96 and 0,9, yellow to orange in VIS) and spots presumably 
saponosides (Rf ranges 0,62, 0,69, 0,72, 0,78 and 0,88; after spraying and 
heating violet and reddish violet in VIS). Fraction 18-28 also shows violet 
spots with Rf ranges 0, 59, 0, 72 and 0, 78 . 
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3.3.3 Antiplatelets aggregatory effect for the chloroform fractions of Allium 
ursinum 
As shown in figure 20, fraction 11-17 showed the highest Antiplatelets activity. 
Fig (20):  Different chlroformic fractions and their effects on platelets 
aggregation (method chapter 2.2.3.2.2), the control group: platelet rich 
plasma without Allium ursinum treatment, stimulated with 20SM ADP. 
 
3.4 Column chromatography for fraction 11-17 
As fraction 11-17 was found to have the most antiplatelets aggregatory effect, the 
fraction 11-17 was fractionated again by repeated column chromatography, and as 
a result 33 fractions were gained. Fractions were united in accordance to TLC 
results and dried in vacuo except fraction no. 7-14. Since the latter fraction 
showed clouding spontaneously, it was separated by precipitation in cold followed 
by centrifugation in order to obtain a greenish supernatant (11-17/7-14 SN) and a 
white crystalline pellet, marked as (11-17/7-14 crystal). 
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3.4.1 TLC for fractions obtained from fraction 11-17 
 An overview TLC of the fractions gained from 11-17 was carried out as shown in 
the below figure 21 using similar conditions as described in chapter 2.2.2.1.3     
(TLC detection method of saponosides). 
 
Fig (21):  TLC for 11-17 subfractions (method of fractionation, chapter 
2.2.3.2.3). 
 
3.4.2 Antiplatelets aggregatory effects for the 11-17 subfractions 
Finally ten different subfractions were examined in order to detect the most potent 
forms that prevent platelets aggregation. It was clear that all the subfractions have 
an obvious antiplatelets activity but with different rates (figure 22). Obviously 
subfraction1, subfraction 4-6, subfraction 15-20, subfraction 7-14 precipitate have 
the greatest effects with a percentage of platelets aggregation remained of less 
than 5 %. Although subtractions 21-25, 26-28, 29-33 have much less effect, still 
they inhibited the aggregation by less than 84%.  
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Fig (22):  The final 10 subfractions and their antiplatelets activity (method 
chapter 2.2.3.2.3), the control group: platelet rich plasma without Allium 
ursinum treatment, stimulated with 20SM ADP. 
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All steps that lead from plant material to the subfractions decribed above are 
demonstrated in the working scheme shown in figure 23. 
Fresh Allium ursinum leaves 
2625 g 
Extraction: 
3 x 3600 ml Ethanol, RT 
Ethanolic extract 
177.00 g 
Disolving in water 1000 ml 
Liquid-Liquid extraction 
1. 3 x 700 ml chloroform 
2. 3 x 700 ml ethyl acetate 
Aqueous phase 
146.20 g
Ethyl acetate extract 
1.02 g 
Chloroform extract 
28.70 g
Method     Results 
2.2.3.1      fig.18 
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Chloroform extract 
28.70 g 
Gravity column chromatography 
Silica gel 60, 
chloroform : methanol  
fraction size 500 ml 
Fractions 1 – 28 
Fraction 11-17 
4,87 g 
Unifying according TLC 
Platelet aggregation assay 
Fractions 1- 33 
Fraction 11-17/7-14 
0,17 g 
Gravity column chromatography 
Silica gel 60, 
ethylacetate : methanol  
fraction size 250 ml 
Fraction 11-17/4-6 
2,23 g 
Concentrating 
Precipitation 
Centrigugation 
Fraction 11-17/7-14 precipitate 
0.035 g 
Fraction 11-17/7-14 
Supernatant 
Fig (23): Obtained amounts of 
extracts and fractions and 
scheme of extraction and 
fractionation (in ovals the 
corresponding extraction methods 
section and the corresponding 
blood test figures are given). 
 
Fraction 1 
Method Results
2.2.3.2.2     fig.20 
Method Results
2.2.3.23      fig.22 
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3.4.3 Dose response effect, Log EC50 for subfraction 1, 4-6, 7-14 crystal 
and15-20 (fractionation method chapter 2.2.3.2.3) 
As fractions 1, 4-6, 7-14 crystal, 15-20 showed the highest antiplatelets 
aggregatory effects among the last 10 subfractions. For these subfractions dose 
response activity was measured and utilized to log EC50. 
3.4.3.1 Effect of different stimuli on subfraction 1(extraction method chapter 
2.2.3.2.3) 
As subfraction 11-17/1 showed a high antaggregatory effect; dose response and 
effect of different stimuli (ADP, Collagen, ARA, and Epinephrine) were studied. 
CC 
 
Fig (24):  The effect of different stimuli on subfraction 11-17/1 of Allium 
ursinum.
This results match with our primary finding in thesis work which is that the ADP 
inhibition is the mechanism of action so as subfraction 11-17/1 exerts its effect. 
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3.4.3.2 Log EC 50 for the active subfractions 11-17/1, 4-6, 7-14 crys, 15-20 
(method chapter 2.2.3.2.3) 
Fig (25):  log (EC50) for different subfractions from 11-17(subfraction 11-
17/1: -1.09, subfraction 11-17/4-6:-1.129, subfraction 11-17/7-14 crystals: -
0.9587, subfraction 11-17/15-20: -0.9402). 
Fig (26):  log (EC50) for different final subfractions using calculation with 
variable Hill slope. Subfraction 11-17/1: -1.039; subfraction 11-17/4-6:-1.115; 
subfraction 11-17/7-14 crystals: -0.975; subfraction 11-17/15-20: -0.9595. 
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3.4.4 HPLC for 11-17 subfractions 
In order to compare the TLC results a HPLC method was developed for possible 
monitoring of bioactive and accompanying components in Allium ursinum 
preparations. At the beginning several solvents were tested on subfraction 11-
17/26-28 since this subfraction contained the most different components showing 
UV-absorbance. The solvent systems tested were isocratic or gradient systems 
e.g. water-methanol and formic acid 5%-methanol. Different wavelengths also 
were tested e.g. 210 nm, 254 nm, 360 nm, 430 nm. 
 A wavelength of 254 nm was found to be most applicable; this short wavelength is 
a “general” wavelength where small benzene systems show high absorbance 
which enables to detect all compounds containing this structural character. In fact 
a wavelength about 200 nm enables to detect structures without conjugated 
double bond systems and would fit to the active compounds found in the present 
work; using similar wavelengths, however, the solvent system showed 
unfavourabile signal-noise relations. 
One signal was found occurring in most fractions. This signal is shown as a peak 
at retention time of 3.1 minutes. Since the corresponding substance shows high 
absorbance activity at 254 nm it could be a phenolic compound i.e. like caffeic acid 
or a degradation product from chlorophyll. Chlorophyll and its degradation 
products are detectable with UV light of 254 nm. It should be noticed that the 
HPLC instruments used are highly sensitive and even traces of substances can be 
detected, shown as signals with small and very small peak areas. Using an 
isocratic system containing only methanol as an eluent and a wavelength of 254 
nm for detection, one peak and in some fractions a second peak could be found. 
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Some fractions like subfractions 11-17/4-6 and 11-17/7-14-crystals did not show 
signals. 
As shown in figure 27, subfraction 11-17/1 shows one peak but too small for 
computer assisted integration. This means that the concentration of the absorbing 
substance is very low. Subfraction 11-17/1 was a mixture of different components 
containing degradation products of chlorophylls which identified from the UV 
spectrum of the peaks. In subfraction 11-17/2 two peaks were observed with 
retention times of 3.1 minutes and 5.8 minutes respectively. The corresponding 
substances were in high concentrations as shown by high peak areas. 
 
Fig (27): HPL-chromatograms of subfraction 11-17/1 (left) and subfraction 11-
17/2 (right).  
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In subfraction 11-17/3 the main peak with 3.1 minutes is also observed, but with 
lower peak area. In subfraction 11-17/4-6 the main peak is observed together with 
another peak with retention time of 4.4 minutes; both peaks are not base-line 
separated. These peaks belong to contaminations in subfraction 11-17/4-6 that 
could not be detected in NMR, so impurity was not high. The concentration of the 
corresponding substances is very low confirmed by low peak area as shown in 
Figure 28. 
 
Fig (28): HPL-chromatograms of subfraction 11-17/3 (left) and subfraction 11-
17/4-6 (right) (254 nm). 
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Subfraction 11-17/7-14 (method chapter 2.2.3.2.3) was very poor in absorbent 
substances as shown in figure 29. In the supernatant there was a small signal 
showing absorbance and with very low peak area. The peak had a retention time 
of 3.2 minutes and might be the main peak. The corresponding crystals showed 
nearly no signal. As shown in figure 29, the signal is very small in comparison to 
the background noise. 
 
Fig (29): HPL-chromatograms for subfraction 11-17/7-14. The supernatant 
(left) and the corresponding crystals (right) show low absorbance intensity. 
 
3 Results  
74
The following subfraction 11-17/15-20 (method chapter 2.2.3.2.3) again showed 
the main peak at retention time 3.2 minutes and a second peak at 7.2 minutes. 
The concentrations of the corresponding substances were high as shown by the 
high peak areas, as shown in figure 30. However subfraction 11-17/21-25 (method 
chapter 2.2.3.2.3) showed a very small peak with very small peak area. The peak 
seems to consist of at least three peaks. Maybe the absorbance was too low for 
exact measurement.     
 
Fig (30): HPL-chromatograms for subfraction 11-17/15-20 (left) and 
subfraction 11-17/21-25 (right) (254 nm). 
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The HPL-chromatograms for subfraction 11-17/26-28 and subfraction 11-17/29-33 
are shown in figure 31. Both fractions show the main peak at a retention time of 
3.1 minute with relatively high peak areas that means the corresponding 
substance exists in high concentration.  
 
Fig (31): HPL-chromatograms for subfraction 11-17/26-28 (left) and 
subfraction 11-17/29-33 (right) (254 nm). 
 
The peak at retention time of 3.1 min was partly found in the active subfractions. It 
imagines a compound absorbing in ranges of 254 nm; this means maybe a small 
phenolic compound being comparable polar. However, in respect to be chlorophyll 
or carotene degradation product, the according substance maybe found in all 
fractions accompanying the active principle. 
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3.5 Chemical identity of two isolated compounds 
According to TLC subfractions 11-17/4-6 and 11-17/7-14 crystal were shown to be 
compounds of comparative pureness. Hence structure elucidation was possible. 
For identification and structure elucidation of the components isolated in the 
present work mass spectrometry and NMR spectroscopy were used. Electrospray 
ionization mass spectrometry was chosen based on being a soft and sensitive 
method. Mass spectrometry was carried out on a BUKER DALTONICS 7 Tesla 
APEX II FT-ICR mass spectrometer. One and two dimensional proton and carbon-
13 NMR spectra confirmed the results from MS. Since relatively high amounts of 
the two compounds could be isolated in high purity, for NMR a VARIAN GEMINI 
300 was employed. 
 
3.5.1 Structure elucidation of subfraction 11-17/ 7-14 crystals 
The structure of subfraction 7-14-crystals was determined as N-sitosterol-3-O-N-D-
glucoside (Fig 32). Mass spectrometry was done using ESI-MS (Electrospray 
ionization-mass spectrometric) in negative mode. As shown in figure 33, the 
corresponding mass spectrometry graph showed two mass peaks of 575.43 atom 
mass units (amu) (M-H) and of 621 amu, respectively. Both masses seem to 
belong to the same molecule, while the mass peak of 621.43 amu might be 
together with the residue of formic acid, which was put to the solution to increase 
resolution of the substance. The exact mass is 576 amu. 
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Fig (32): Structure of subfraction 11-17/7-14-crystals: the compound 
determined as U-sitosterol-3-O-U-D-glucoside by ESI-MS and NMR. The 
numbers assign the positions of the carbons with their corresponding 
protons.  
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3.5.1.1 Mass spectrometry of subfraction 11-17/ 7-14 crystals 
Fig (33): ESI-MS mass spectrometry graph of subfraction 11-17/7-14 crystals 
in negative mode showing a mass peak of amu 575.43 (M-H). The mass peak 
of amu 621.43 maybe the same substance but together with formic acid. 
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3.5.1.2 NMR spectroscopy of subfraction 11-17/ 7-14 crystals 
NMR spectrometry was done using conventional magnetic fields (300 MHz). 
Deuterated pyridine was used as solvent. The structure was determined by using 
proton- (1H-) NMR and carbon-13- (13C-) NMR. An overview 1H-spectra showed 
signals from 0 to 3 ppm showing protons of saturated like CH2-groups and CH3-
groups (see figure 34 and figure 35). The proton signals between 0 and 1.2 ppm in 
majority belong to the aliphatic parts, the most of the signals ranging from 1,2 up 
to 3 ppm are cyclic protons. All these signals suggest a cholesterol-like aglycon 
part. Peaks in the range from 3.5 to 5.5 ppm show the chemical shifts of the 
glycoside regions, as shown in figure 36. Two signals showed downfield chemical 
shift: the chemical shift of 3.92 ppm showing to be the glycosidation position. 
COSY-1H-NMR provided that signals over 5.5 ppm do not couple with any other 
signal in the spectra and therefore these signals belong the solvent (see fig.35). 
The glycoside part was determined by a 1H-COSY spectrum as shown in figure 38. 
The glycoside was elucidated as glucose by the cross peaks of all protons in the 
glycoside moiety. All informations from 1H-spectrum imagined a N-sitosterol-3-O-
glucoside. 13C-spectra confirmed the structure. The 13C-chemical shift of 101.42 
ppm for position C-1’ in the glucose showed the corresponding glucose to be bond 
to a N-hydroxyl group. 
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Fig (34): 1H-NMR spectrometry graph of subfraction 11-17/7-14-crystals. This 
proton spectrum is an overview showing all chemical shifts from 0 to 10 
ppm (300 MHz, V, pyridine).  
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Fig (35): 1H-NMR spectrum of subfraction 11-17/7-14-crystals showing the 
aglycon part. The positions of the protons in the aglycon moiety are signed 
above the peaks of chemical shifts (300 MHz, V, pyridine). 
Fig (36): 1H-NMR spectrum of the sugar part of subfraction 11-17/7-14 
crystals. The positions of the protons in the sugar part are signed above the 
peaks of chemical shifts (300 MHz, V, pyridine). 
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Fig (37): 1H-COSY of part of  subfraction 11-17/7-14 crystals overview (above) 
and 1H-COSY of the corresponding aglycon part (below) (300 MHz, V,
pyridine). 
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Fig (38): 1H-COSY of the glycoside part of subfraction 11-17/7-14 crystals. 
The signals range between 3.5 up to 5.1 ppm; in which the glycoside 
positions are shown at the left side. The signal at 5.35 shows no coupling 
with another glycoside signal (300 MHz, V, pyridine).  
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Fig (39): 13C-chemical shifts of subfraction 11-17/7-14 crystals in the range 
from 0 to 80 ppm. The positions in the molecule are signed above the 
signals (300 MHz, V, pyridine). 
 
Fig (40): 13C-chemical shifts of subfraction 7-14 crystals in the range from 80 
to 200 ppm. The positions in the molecule are signed above the signals (300 
MHz, V, pyridine). 
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3.5.2. Structure elucidation of subfraction 11-17/4-6  
3.5.2.1 Mass spectrometry of subfraction 11-17/4-6 
The structure of subfraction 11-17/4-6 was elucidated as a cerebroside-like 
molecule composed of glycerol with two residues of linolenic acid and one N-D-
galactose-residue (Figure 41). Mass spectrometry results were achieved using 
ESI-MS in positive mode. Mass spectrometry graph showed a mass of 797.52 
amu in positive mode using solution of sodium salts for resolvatation of the 
substance (see figure 42). This molecular weight showed the substance together 
with one or two sodium ions ([M+Na] and [M+2Na]). A second measurement using 
positive mode was done using ammonia salts for resolvatation showed a mass 
peak of 775.52 amu (M+H) as shown in figure 43. From these results the mass of 
the molecule is 774.52 amu. 
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Fig (41): Subfraction 11-17/4-6, determined as 1-U-D-galactopyranoside-2, 3-
bis-linolenic glycerate. 
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Fig (42): mass spectrometry graph of subfraction 11-17/4-6 showing two 
mass peaks with 797.52 amu and 829.51 amu respectively. The 
corresponding substance is together with one and two sodium ions, 
respectively. Mass spectrometry was done using ESI-MS in positive mode.  
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Fig (43):  mass spectrometry graph of subfraction 11-17/4-6 showing the 
mass peak with 775.52 amu (M+H). Conditions: Mass spectrometry was done 
using ESI-MS in positive mode.  
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3.5.2.2   NMR spectroscopy for subfraction 11-17/4-6 
NMR spectrometry was done using a magnetic field of 300 MHz. As solvent 
deuterated methanol (CD3OD) was used. Figure 44 shows an overview illustrating 
that there are signals from 0 to 5.6 ppm and there is no chemical shift over 5.6 
ppm. This imagines a compound mainly possessing CH3-groups indicated by the 
shifts from 0.9 ppm up to 2.0 ppm as well as CH2-groups ranging from 2.0 up to 
3.0 ppm. 1H-chemical shifts ranging from 0 to 2,9 ppm indicated single bond 
aliphatic groups. As displayed in figure 45 the proton spectrum also showed CH-
groups in the range of 3.4 to 4.4 ppm belonging to a glycoside part. Saturated 
parts bond with hydroxyl groups and bulk molecule parts were found in the range 
of 4.4 to 5.5 ppm. Aliphatic groups possessing double bonds were shown in 
ranges from 5.3 to 5.5 ppm. These informations led to the assumption that the 
molecule consists of a glycoside part and fatty acid residues, which was confirmed 
by COSY as shown in figure 46. 
Figure 47 shows the 1H-COSY-NMR spectrum of the glycoside moiety.The 
couplings indicate that there is no glucose but another monosaccharide. Figure 48 
gives an overview spectrum of the 13C-NMR. The carbon-13-spectrum revealed 
two downfield shifts in the range of 173 ppm in which these signals belong to 
carbonyl groups in an aliphatic system. Signals in ranges of 120 up to 140 ppm 
showed aliphatic carbons with double bonds. Single bond aliphatic carbons are 
shown as signals in the range of 12 to 35 ppm. Peaks in the range of 60 to 75 ppm 
belong to the glycerol part and to the glycoside part, respectively. A signal at 104 
ppm is the signal of the C-1-position of the glycoside residue. Figure 49 gives the 
HMQC spectrum, which demonstrates the carbon binding to the corresponding 
proton. With this information the structure was determined as a cerebroside-like 
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substance based on glycerol, containing two linolenic acid residues on position 2 
and 3, and a N-D-galactose in position 1. The bindings between glycerol and 
linolenic acid residues were confirmed by using HMBC-NMR-spectroscopy.  
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Fig (44): overview proton spectrum of fraction 11-17/4-6 (300 MHz, V,
CD3OD). 
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Fig (45): proton spectrum of subfraction 11-17/4-6 (300 MHz, V, CD3OD). 
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Fig (46): overview 1H-NMR-COSY spectrum of subfraction 11-17/4-6 (300 
MHz, V, CD3OD). 
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Fig (47): 1H-NMR-COSY spectrum of the glycoside part of subfraction 11-
17/4-6 (300 MHz, V, CD3OD). 
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Fig (48): 13C-NMR spectrum (overview) of subfraction 11-17/4-6 (300 MHz, V,
CD3OD). 
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Fig (49): HMQC spectrum of subfraction 11-17/4-6 (300 MHz, V, CD3OD). This 
shows the correlation between protons and carbon atoms. 
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4. Discussion 
4.1 First Report 
To the best of our knowledge this is the first report describing an antiplatelet in-
vitro effect of Allium ursinum extracts with a predominant effect on ADP-induced 
aggregation. 
For the first time we report the exact mechanism by which Allium ursinum and 
Allium sativum prevent platelet aggregation. Figures 9 and 12 in the results of the 
antiplatelets activity demonstrate a mechanism in the ADP pathway. While the 
aqueous extract of Allium ursinum seems to act only unspecific, the alcoholic 
extract showed an antiaggregatory mechanism similar to Allium sativum with the 
ADP pathway as the main target as clinically known from clopidogrel. 
4.2 Dose-dependent effect  
Dose-dependent effects were evident in the action of both Allium ursinum and 
Allium sativum demonstrating a comparable potency of both extracts with EC50 
values around 0.1 mg/ml. In our experiment we have proven that both Allium 
ursinum and Allium sativum exerts the same antiaggregatory effect while other 
studies found that wild garlic may exert greater effects than common garlic on 
blood pressure and blood chemistry in rats: Allium ursinum produced significant 
higher decrease in systemic blood pressure at lower concentration compared to 
Allium sativum. Furthermore Allium ursinum significantly decrease total cholesterol 
and increased high density lipoproteins more than Allium sativum (Neil HAW et al 
.1996 [38]; Steiner M. 1996 [39]; Preuss HG 2001 [69]). 
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4.3 Common garlic antiaggregatory activity 
In this experiment similar to that of Rahman and Billington 2000 [87], we found a 
favourable effect of alcoholic extract on ADP-induced aggregation, so that strongly 
supports the assumption that –at least- this extracts effect involves ADP receptors. 
On the other hand several other reports have shown an antiaggregatory effect of 
diverse garlic extracts which was directed towards ADP- and collagen-induced 
aggregation, but also inhibited aggregation induced by other stimuli such as 
fibrinogen (Legnani et al. 1993 [83]; Apitz-Castro et al. 1994[84]; Steiner and Lin 
1998 [85]; Hiyasat et al. 2007[86]).  
 While two types of receptors have been recognized with a G protein–coupled 
character {Gq-linked P2Y(1) and Gi-linked P2Y12(AC)}  both being supposed to 
be involved in the platelets aggregation process, the high affinity for ADP is typical 
for the P2Y(1) receptor and a lower affinity for  the second receptor P2Y12(AC) 
(Takasaki et al. 2001 [88]). 
 Ajoene ((E, Z) 4,5,9-trithiadodeca-1,6,11-triene-9-oxide) is a synthetic derivative 
from alliin after alliinase activity which can block both ADP- and collagen-induced 
aggregation. This theory might partly explain the antiplatelet activity of garlic 
species (Teranishi et al. 2003 [89]). The S-allyl-Lcysteine sulfoxides, which are 
generated by the thermolabile enzyme alliinase is considered to be responsible for 
the antiaggregatory effect of Allium sativum (Lawson et al. 1992 [90]; Block 1992 
[51]).  
Alliinase should degrade alliine to produce the antiaggregatory effect so that 
crushing the garlic will increase this effect as it participates in releasing this 
enzyme. Moreover regarding the antiplatelets activity it was assumed that heating 
garlic will inactivate this enzyme before the active sulphur compounds are formed  
explaning some of the controversial in vivo findings with garlic (Cavagnaro et al. 
2007 [91]). 
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4.4 Allium ursinum and Allium sativum – similar components? 
Regarding the compounds found in Allium ursinum in comparison to Allium 
sativum our TLCs showed saponosides, alliins and allicins in similar patterns, and 
comparable amounts of allicins in the ethanolic wild garlic extract. The ethanolic 
extracts seemed to have generally higher contents of the components than the 
aqueous extracts. Thus, the similar pattern in antiaggregatory effects and the 
similar potency of both Allium sativum and Allium ursinum are in good accordance 
with similar patterns of the component groups as investigated by TLC. 
 
4.5 Active compounds in wild garlic 
The aim of the final steps of the study was to identify the active compounds in wild 
garlic. Therefore, primary fractionation of the alcoholic extract was performed. 
Against expectance, the aqueous phase containing the saponoside moiety and the 
sulphuric compounds like alliin, allicin and ajoene, showed only small unspecific 
activity, whereas the unpolar chloroform extract showed platelet antiaggregatory 
effects by antagonistic influence on ADP-induced aggregation. Since chloroform 
extract exhibited contents of chlorophylls, fatty acids and lipophilic components 
like steroids, this extract was subjected to a bioassay-guided fractionation. Finally 
four fractions were achieved exhibiting most platelet antiaggregatory activities: 
fractions 11-17/1, 11-17/4-6, 11-17/15-20 as well as the precipitate of fraction 11-
17/7-14(crystals), which seemed to contain the active principle (see figure 22,24). 
As fraction 11-17/4-6 and 11-17/7-14(crystals) showed to be pure substances 
further chemical characterization was done for these two substances. 
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4.5.1 Subfraction 11-17/4-6 
For 11-17/4-6 a cerebroside-like structure was found. This structure was 
determined as a diacylglyceride with N-D-galacose in position 1 and two linolenic 
acid residues in position 2 and 3, respectively (see figure 41). The ESI-MS 
spectrum done in negative mode displays two signals of 797.52 and 829.51 amu, 
respectively. Both masses belong to the same molecule, whereas the mass 
differences of 22 amu and 44 amu can be explained by the presence of sodium 
ions within the buffer system used to dissolve the substance (see figure 42). The 
exact mass of this compound is 774.53 amu. This 1-N-D-galactopyranoside-2,3-
bis-linolenic glycerate could be described (Poincelot 1976 [92]). We report this 
compound to be a natural component in wild garlic for the first time; moreover, the 
compound could be shown to possess antiaggregatory activity. The amphipolar 
structure imagines interactions of the compound and the platelet membranes; to 
our knowledge it is the first time the compound is described to contribute to 
platelet antiaggregation by involving the ADP-receptor. 
4.5.2 Precipitate of fraction 7-14 (11-17/7-14crystal) 
The structure of the precipitate of fraction 11-17/7-14 crystal was determined as N-
sitosterol-3-O-N-D-glucoside (figure 32). Mass spectrometry showed two mass 
peaks of 575.43 amu (M-H) and of 621.43 amu, respectively. Both masses seem 
to belong to the same molecule, while the mass peak of 621.43 amu might be 
together with the residue of formic acid, which was added to the solution to 
increase resolution of the substance. The exact mass is 576 amu. This compound 
N-sitosterol-3-O-N-D-glucoside is a common constituent found in plant material, 
mainly accompanied by its aglycone N-sitosterol. Similar to the structure above, 
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aglycone N-sitosterol is a structure with an unpolar part and a polar saccharide 
moiety. Moreover showing analogous structural characteristics in respect of 
membrane steroids, this compound could be considered to influence the platelet 
membrane systems. In the present work N-sitosterol-3-O-N-D-glucoside also is 
described to exert ADP antagonistic effects. These results indicate that in our 
experiment the platelet aggregation inhibiting compounds are lipophilic; 
furthermore these compounds are not derivatives of the alliin / allicin system. 
Similar compounds like 6-O-acyl-N-D-glucosyl-N-sitosterol (comparable to our 
sitosterol-3-O-N-D-glucoside) as well as 1,2-dilinolenoyl-3-galactosyl-glycerol, 
linolenoyloleoyl-3-N-galactosylglycerol and 1,2-dipalmitoyl-3-N-galactosyl-glycerol 
are described as cyclooxygenase (COX) inhibitors by Weil et al. 2005 [93]. 
Therefore the COX platelet aggregation model was not used directly in this work; 
the antiaggregation activity for the isolated compounds could be explained by their 
COX-inhibiting action. The COX enzyme system produces prostaglandins from 
arachidonic acid; prostaglandin G2 is transformed to thromboxane A2 which leads 
to platelet aggregation. The blockage of the COX enzyme system also is a 
strategy for platelet aggregation inhibition. A well known COX inhibitor is acetyl 
salicylic acid known for its antithrombic effects.However, as evident from figure 12 
the arachedonic acid induced aggregation also was significantly inhibited by Allium 
ursinum, which could be a COX-dependent effect of N-sitosterol according to the 
considerations above. 
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Fig (50): Cascade of platelet aggregation by some mediators 
Fig (51):   Model of the gpIII/gpII receptor on platelet (source ref [102]) 
This Figure shows the GPIIIa/GPIIb receptor.This receptor is presented by 
the platelets after they are activated by thromboxane, which is derived from 
arachidonic acid. This means that this receptor is strongly involved in 
platelet aggregation. 
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4.6 Allium species preparations and components  
Till now there are no commercial preparations for wild garlic available while so 
many are present for the common garlic. 
It is supposed that the way of powder production is through treating the bulbs with 
hot ethanol steam, then dried and powdered. The essential oil is gained by steam 
distillation after fermentation of the garlic bulbs in water. The oily macerates are 
gained by digestion of the bulbs with rape oil or colza oil by warming. The results 
of the present work showing two lipophilic compounds involved in platelet 
antiaggregatory effects of wild garlic would favour the application of oily extracts. 
4.6.1 Cysteine sulfoxides component of garlic 
Cysteine sulfoxides are components present in garlic. Alliines are the native 
cysteine sulfoxides which are transformed to thiosulfinates (allicin) by the action of 
the enzyme alliinase. 
Allicin has strong antimicrobiotic and antimycotic activities (Goncagul and Ayaz 
2010 [94]). Allicin itself is degraded to further products as diallylsulfides, 
diallyldisulfides and vinyldithiins. The figures 52 and 53 show the presence of 
alliins in common garlic and the alliin transformation pathway to different products. 
In our experiment the cystein sulfoxides were found in the aqueous phase after 
liquid-liquid separation of an ethanolic extract of Allium ursinum. This extract 
revealed about 50% aggregation inhibition, whereas the lipophilic extracts showed 
stronger inhibition. In respect to cystein sulfoxides the results described in 
literature were achieved by application of the pure, isolated compounds. Our 
results go together with these findings considering application of an extract 
containing cystein sulfoxides in addition to a part of various other, possibly inactive 
natural compounds. 
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Fig (52):  alliins common in garlic with “alliin” (allyl-alliin) as main compound 
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Fig (53): cleavage of alliin by the enzyme alliinase and following 
transformations to diallylsulfides, diallyldisulfides and ajoenes. Further 
products are the vinyldithiins. The way shown on the left illustrates the 
transformation of allicin by steam distillation (according to Block E 1985 
[95]). 
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4.6.2 Steroidal saponosides component of garlic  
A second group of well-investigated compounds in Allium species are the steroidal 
saponosides of the spirostanol type (i.e. eruboside B) and the furostanol type (i.e. 
protoeruboside B and sativoside B1) as described by (Peng et al. 1996 [96] and 
Mochizuki et al. 2004 [97]). Figure 54 and 55 shows some saponins common in 
garlic. With regard to the distinct glycoside residues (figure 54) these compounds 
possess high polar character and should be found in the aqueous phase. Put 
together with the finding of the aqueous phase having small antiaggregatory 
effects, it can be considered, that the saponosides described are not involved in 
platelet aggregation inhibiting action by ADP antagonism. 
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Fig (54): showing some saponinoside types in garlic (compare Ref [96], [97]) 
 
Furostanol type 
spirostanol type 
U-chlorogenin
(aglycon) 
4 Discussion   
105
Furostanol type R1 R2 spirostanol type 
Protoeruboside 
B
O
HO
OH
OH
HOH2C
O
HO
HO
OH
HOH2C O
O
HO
O
HOH2C
O
HO
OH
O
CH2OH
OH Eruboside B 
sativoside B1
O
HO
OH
OH
HOH2C
O
O
OH
OH
HOH2C
O
HO
HO
OH
HOH2C O
O
HO
O
HOH2C
O
HO
OH
O
CH2OH
OH  
Proto-
desgalacto-
tigonin 
 
O
HO
OH
OH
HOH2C
O
HO
HO
OH
O
O
HO
O
HOH2C
O
HO
OH
O
CH2OH
H desgalactotigonin
Fig (55): saponosides described in garlic (compare Ref [95], [96]) 
 
4 Discussion   
106
4.7 Unpolar lipophilic compounds 
As shown in our work, the alliins, allicins and ajoenes are polar compounds 
occurring in the aqueous phase, whereas the active compounds we found to 
inhibit platelet aggregations were characteristized as unpolar compounds of the 
chloroformic phase. The aqueous phase showed significantly weaker activity 
comparing to the chloroform phase. Thus, our results do not support the main role 
for the alliin complex in antiaggregatory effects. Maybe the alliins and allicins have 
collateral activity and show synergistic effects in the Allium ursinum raw extract. As 
shown by TLC analysis, the alliins and allicins (as well as the saponosides) are 
constituents of the aqueous phase. In our experiment the aqueous phase (from 
the ethanolic raw extract ) showed the weakest platelet aggregation inhibition with 
about 50%, whereas the volatile oil fraction and the lipophilic extracts, the 
chloroform phase and the ethyl acetate phase, showed stronger inhibition. The 
main platelet antiaggregation inhibition is evident for more lipophilic compounds – 
in this work two of the bioactive compounds were isolated and characterized as N-
sitosterol and 1-monogalactosyl 2,3-dilinolenoylglyceride. The results of this work 
show a main part of antiaggregatory activity for a lipophilic fraction, and a much 
weaker activity of the alliin complex. Maybe the allin / allicin system provides a 
synergistic effect. 
According to our data, the aggregation inhibiting effects of the volatile oil gained 
after alliin degradation would support the antiaggregatory effect of the diallyl 
sulphides and vinyldithiins. The mentioned components are well-known 
constituents of the volatile oil fraction of garlic, so that the volatile fraction of wild 
garlic could be compared with. These volatile compounds fraction was subjected 
to the platelet aggregation test system and showed the most efficient inhibition of 
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platelet aggregation (80%-90%). The amount achieved was very small and in 
range of some milligrams. For achieving fractions and subsequent isolation of 
bioactive compounds, an amount of the volatile oil in ranges of at least five grams 
would be required. 
4.8 New approaches and new results of this work 
In this work, ethanolic and aqueous extracts from wild garlic and common garlic 
were compared by analytical methods and in a bioassay system. All extracts 
showed platelet antiaggregatory activity, in which the alcoholic extracts – as stated 
above- showed higher activities than the aqueous extracts. Furthermore, the wild 
garlic methanolic extract showed higher activity than the common garlic 
methanolic extract. Based on these results, in our experiment an ethanolic extract 
was made followed by liquid-liquid fractionation. The resulting extracts were a 
chloroform phase, an ethyl acetate phase and a resulting aqueous phase. The 
volatile oil fraction was achieved by steam distillation of the fresh herb according 
Ph.Eur. Subjected to the platelet aggregation test system, the ethyl acetate phase 
showed the strongest inhibitory effects towards platelet aggregation, the inhibitory 
effect of the essential oil phase and the chloroform phase were shown as slightly 
weaker as the volatile oil fraction, but they also developed a very strong inhibition 
of platelet aggregation. Compared to the activity of these lipophilic extracts, the 
aqueous phase showed weak inhibitory effects. 
These findings are not exactly in accordance to the most publications where the 
group of the hydrophilic alliin and allicin derivatives are mentioned as the platelet 
antiaggregatory active components as well as the saponosides described in 
literature (Bordia 1978 [37]). 
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In our experiment the chloroform extract was chosen for further examinations due 
to its strong inhibitory activity and the high yield gained from the fresh herb. This 
extract was subjected to gravity column chromatography for further fractionation. 
The resulting fractions again were subjected to the platelet test system in order to 
isolate the active principles of the chloroform extract. The fraction 11-17 showed 
the main activity; compared to the whole chloroform extract. TLC comparison 
showed this fraction containing a mixture of predominantly lipophilic compounds. 
This fraction was subjected to separation by a second gravity column 
chromatography. Thereby four fractions showing intense antiagrregatory effects 
were afforded. In case of 11-17/7-14 crystals the structure of this compound 
isolated was elucidated by using ESI mass spectrometry and 1d/2d 1H/13C-NMR 
spectroscopy and determined as N-sitosterol-3-O-N-D-glucoside, a triterpene 
compound widely occurring in plants. For this structure dietary effects are known, 
N-sitosterol and its corresponding glucoside participate in cholesterol-lowering 
activities of certain plant preparations. The compound acts as a competitive 
inhibitor in cholesterol resorption from nutrition as well as cholesterol reabsorption 
from enterohepatic circulation. Furthermore, N-sitosterol is used in prostata 
therapy (prostate hyperplasia, BHP), but the mechanism of this effect is not known 
yet. Platelet anti-aggregatory effects of N-sitosterol have been described in 
literature (Awad et al. 2001[98], Jourdain et al. 2006 [99], Wilt TJ et al. 1999 [100]). 
With regard to the literature, it can be said, that N-sitosterol and its corresponding 
glucoside probably play an important role in the platelet anti-aggregatory effect of 
wild garlic fractions as we observed. The second compound found was fraction 11-
17/4-6. Measurement by ESI mass spectrometry and structure elucidation using 
the NMR methods mentioned above revealed that this compound is the 
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cerebroside-like monogalactosyl-dilinolenoylglyceride. In our experiment, this 
compound displayed high platelet antiaggregation activity. This compound was 
described as a constituent of the chloroplast membrane (Poincelot RP 1976 [92], 
Webster and Chang 1969 [101]). 
Amazingly, this compound mainly is a topic of plant physiological investigations; to 
our knowledge biological activities of medicinal or pharmaceutical interest are not 
described or published till now. This could imply, that in this work the cerebroside-
like component is described as a bioactive compound in a human test model for 
the first time. Maybe this compound or an Allium ursinum lipophilic extract can be 
used as a potent platelet aggregation inhibitor. 
Regarding the high yield achieved of the cerebroside-like substance in our 
experiment, together with the high content of N-sitosterol, of sulfide compounds 
like diallyl sulfides and viyldithiins and of the saponosides also described as 
platelet aggregation inhibitors; wild garlic is shown as a potent medicinal plant to 
treat thrombotic disorders. 
It was clear during the project that both Allium ursinum and Allium sativum exhibit 
their antiaggregatory effect through the ADP mechanism, and to a lower extent 
aggregation induced by epinephrine. It became clear that the alcoholic extract of 
the Allium ursinum is the potent form while the aqueous had an unspecific activity. 
Effects were strictly dose related. 
The chemical structures for the active compounds in fraction 11-17/1 and 11-
17/15-20 could not be characterized because of the small amount of the material 
and the high content of chlorophyll in these fractions. For fraction 11-17/1 a very 
lipophilic compound could be assumed, shown as an intense violet spot after 
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detection by TLC analysis, and there is a high possibility for the presence of N-
sitosterol (not N-sitosterol glucoside!). The active principle could be also in context 
with a single fatty acid; the biological activities of fatty acids are subject of recent 
investigations, in nutrition investigations as well as in pharmaceutical science. 
Fraction 11-17/15-20 also showed high inhibitory activity. Regarding TLC, the 
trace of 15-20 shows a high amount of chlorophylls and a violet spot with the same 
Rf value like N-sitosterol glucoside. Maybe this compound is also constituent of 
this fraction together with further unknown compounds with synergistic or 
supporting effects. The active component of this fraction could not be isolated. 
Maybe the active components are the aglycones of the garlic saponosides like 
eruboside B, sativoside and tigonine, but this cannot be proven within the present 
study. The other active compounds of the chloroform extract (or other comparable 
lipophilic extracts) of wild garlic can be subjects for further investigations. 
Bioassay-guided isolation and structure elucidation of the other active components 
could explain the mechanisms of platelet antiaggregatory effects of wild garlic and 
common garlic. 
Based on the results of this work, a wild garlic refined extract could be developed 
for usage in prevention and therapy of disorders induced by increased platelet 
aggregation which needs to be tested in vivo animal models of thrombosis. 
The investigation presented here shows clear antiaggregatory effects in particular 
against ADP-stimulated platelet aggregation. These fractions of the chloroform 
extract all are unpolar compounds.  
The interaction between the ADP receptor and these compounds considered 
above is not directly explainable; the molecule shows not much similarity to the 
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ADP molecule; a direct substrate inhibition cannot be considered. Since in our test 
model the arachidonic acid-induced platelet aggregation seems also to be 
affected, although to a lesser extent, a COX-inhibiting antiaggregatory action may 
also contribute to the overall antiaggregatory effect. Similarly, Weil et al. 2005 [93] 
have described compounds chemically similar to those of the present work 
presented here acting as COX inhibitors. It is to say, that there are several test 
systems for COX inhibition. Maybe our results could be confirmed by another 
study using the COX-1- and COX-2 system directly. 
 
Finally, this work affirms similar activity in platelet aggregation inhibition of Allium 
ursinum comparable to that of Allium sativum. It could be shown, that the inhibition 
is dose-dependent. The results of this work describe that the activity is found in 
extracts of different polarities, whereas considering the test models used the most 
lipophilic extracts exhibited highest antiaggregation inhibition. For the chloroform 
extract the ADP-antagonistic way of inhibition could be detected for the lipophilic 
extract. Two compounds could be isolated from the chloroform extract by repeated 
normal phase column chromatography. Structure elucidation by ESI-MS and 1d/2d 
1H/13C-NMR spectroscopy revealed Nsitosterol-3-O-N-D-galactoside and 1-N-D-
galactosyl-2,3-dilinolenoyl glycerate, two compounds of a large lipophilic moiety 
and a small polar part. For these components aggregation inhibition was 
evidenced in ADP-stimulated platelet test model. 
Literature   
112
Literature 
[1] Rivlin RS (2006): Is garlic alternative medicine? J. Nutr, 136(3), 713-715 
[2] Thomson M, Ali M. (2003): Garlic [Allium sativum]: A Review of its Potential 
Use as an Anti-Cancer Agent, Curr Cancer Drug Targets (3) 1, 67-81  
[3] Green OC, Polydoris NG (1993): Garlic, Cancer and Heart Disease: Review 
and Recommendations, GN Communications, Chicago IL, pp. 21–41 
[4] Kahn, G. (1996) History of garlic. In: Garlic: The Science and Therapeutic 
Application of Allium sativum L. and Related Species (Koch HP & Lawson 
LD,eds.), Williams and Wilkins, New York, NY, pp. 25-36 
[5] Moyers S (1996): Garlic in Health, History and World Cuisine, Suncoast Press, 
St. Petersburg FL, pp. 1-36 
[6] Bergner P. (1996): The Healing Power of Garlic, Prima Publishing, Rocklin CA, 
pp. 3-26 
[7] Lawson LD (1998): Garlic: a review of its medicinal effects and indicated active 
compounds; in: Phytomedicines of Europe. Chemistry and Biological Activity, 
ACS Symposium Series 691 (Lawson LD & Bauer R, eds.), pp. 176-209 
American Chemical Society, Washington, DC. 
[8] Rivlin R S (2001): Historical Perspective on the Use of Garlic, J Nutr 131, p. 
951-954 
[9] Riddle JM (1996): The medicines of Greco-Roman antiquity as a source of 
medicines for today; in: Prospecting for Drugs in Ancient and Medieval 
European Texts: A Scientific Approach (Holland B K, ed.) Harwood 
Academic Publishers, Amsterdam, pp. 7-17 
[10] Woodward PW (1996): Garlic and Friends: The History, Growth and Use of 
Edible Alliums, Hyland House, Melbourne, Australia, pp. 2-22 
Literature   
113
[11] Rivlin R S(1998): Patients with hyperlipidemia who received garlic supplement 
lipid manegment; report from the lipid educational council, 3 ,p. 6-7. 
[12] Roderick PJ, Wilkes HC, Meade TW (1993): The gastrointestinal toxicity of 
aspirin: an overview of randomised controlled trials, Br J Clin Pharmacol, 35, 
p 219-226 
[13] Geraghty OC, Kennedy J, Chandratheva A, Marquardt L, Buchan AM, 
Rothwell PM (2010):Preliminary evidence of a high risk of bleeding on aspirin 
plus clopidogrel in aspirin-naïve patients in the acute phase after TIA or 
minor ischaemic stroke. Cerebrovasc Di 29, p 460-467 
[14] Taylor DW, Barnett HJM, Haynes RB, Ferguson GG, Sackett DL, Thorpe KE, 
Simard D, Silver FL, Hachinski V, Clagett GP, Barnes R, Spence JD (1999): 
Low-dose and high-dose acetylsalicylic acid for patients undergoing carotid 
endarterectomy: a randomised controlled trial, ASA and Carotid 
Endarterectomy (ACE) Trial Collaborators, Lancet 353, p 2179-2184 
[15] Derry S, Loke YK (2000): Risk of gastrointestinal haemorrhage with long term 
use of aspirin: meta-analysis, BMJ 321, p 1183-1187 
[16] Antithrombotic Trialists' Collaboration (2002): Collaborative meta-analysis of 
randomised trials of antiplatelet therapy for prevention of death, myocardial 
infarction, and stroke in high risk patients, BMJ 324, (7329) p 71-86  
 [17] Hankey GJ, Sudlow CLM, Dunbabin DW (2000): Thienopyridines or aspirin to 
prevent stroke and other serious vascular events in patients at high risk of 
vascular disease. Stroke 31(7), 1779-1784 
[18] Zakarija A, Kwaan HC, Moake JL, Bandarenko N, Pandey DK, McKoy JM, 
Yarnold PR, Raisch DW, Winters JL, Raife TJ, Cursio JF, Luu TH, Richey 
EA, Fisher MJ, Ortel TL, Tallman MS, Zheng XL, Matsumoto M, Fujimura Y, 
Literature   
114
Bennett CL(2009): Thienopyridines or aspirin to prevent stroke and other 
serious vascular events in patients at high risk of vascular disease? A 
systematic review of the evidence from randomized trials. Kidney Int Suppl 
112, P 20-24 
[19] Zakarija A, Bandarenko N, Pandey DK, Auerbach A, Raisch DW, Kim B, 
Kwaan HC, McKoy JM, Schmitt BP, Davidson CJ, Yarnold PR, Gorelick PB, 
Bennett CL(2004): Clopidogrel-associated TTP: an update of 
pharmacovigilance efforts conducted by independent researchers, 
pharmaceutical suppliers, and the Food and Drug Administration, Stroke 
35,p 533-537 
[20] Sudlow CL, Mason G, Maurice JB, Wedderburn CJ, Hankey GJ(2009): 
Thienopyridine derivatives versus aspirin for preventing stroke and other 
serious vascular events in high vascular risk patients, Cochrane Database 
Syst Rev. 2009 Oct 7;(4):CD001246 
[21] Curtis BR, Swyers J, Divgi A, McFarland JG, Aster RH (2002): 
Thrombocytopenia after second exposure to abciximab is caused by 
antibodies that recognize abciximab-coated platelets, Blood 99(6), 2054-
2059 
[22] Borek C (2001): Antioxidant health effects of aged garlic extract, J Nutr,
131(3s), 1010-5 
[23] Bhagyalakshmi N, Thimmaraju R, Venkatachalam L, Murthy KN, Sreedhar 
RV(2005): Nutraceutical applications of garlic and the intervention of 
biotechnology, Crit Rev Food Sci Nutr 45(7-8) , p 607-621 
[24] Rahman K (2003): Garlic and aging: new insights into an old remedy, Ageing 
Res Rev 2, p 39-56 
Literature   
115
[25] Rahman K (2007): Studies on free radicals, antioxidants, and co-factors, Clin 
Interv Aging 2(2), p 219-236  
[26] Liu CT, Sheen LY, Lii CK (2007): Does garlic have a role as an antidiabetic 
agent? Mol Nutr Food Res 51(11), p 1353-64 
[27] Pittler MH, Ernst E (2007): Clinical effectiveness of garlic (Allium sativum), Mol 
Nutr Food Res 51(11), p 1382-1385 
[28] Lissiman E, Bhasale AL, Cohen M (2009): Garlic for the common cold, 
Cochrane Database Syst Rev 8;(3):CD006206 
[29] Ayaz E, Alpsoy HC (2007): Garlic (Allium sativum) and traditional medicine, 
Türkiye Parazitol Derg. 31(2), p 145-9 
[30] Butt MS, Sultan MT, Butt MS, Iqbal J (2009): Garlic: nature's protection 
against physiological threats, Crit Rev Food Sci Nutr 49(6), p 538-51 
[31] Lamm DL, Riggs DR (2001): Enhanced Immunocompetence by Garlic: Role in 
Bladder Cancer and Other Malignancies, J Nutr 131(3s), p 1067-1070 
[32] Kim JY, Kwon O (2008): Garlic intake and cancer risk: an analysis using the 
Food and Drug Administration's evidence-based review system for the 
scientific evaluation of health claims, Am J Clin Nutr 89(1), p 257-64 
[33] Harris JC, Cottrell SL, Plummer S, Lloyd D (2001): Antimicrobial properties of 
Allium sativum (garlic), Appl Microbiol Biotechnol 57(3),p  282-6 
[34] Goncagul G, Ayaz E (2010): Antimicrobial effect of garlic (Allium sativum). 
Recent Pat Antiinfect Drug Discov 5(1), p 91-3. 
[35] Ankri S, Mirelman D (1999): Antimicrobial properties of allicin from garlic, 
Microbes Infect 1(2), p 125-9 
[36] Agarwal KC (1996): Therapeutic actions of garlic constituents, Med Res Rev 
16, p111-124 
Literature   
116
[37] Bordia A (1978): Effect of garlic on human platelet aggregation in vitro 
Atherosclerosis 30, p 355-360 
[38] Neil HAW, Silagy CA, Lancaster T, Hodgeman J, Vos K, Moore JW, Jones L, 
Cahill J, Fowler GH (1996): Garlic in the treatment of moderate 
hyperlipidaemia: a controlled trial and meta-analysis, J R Coll Physicians 
Lond 30, p 329-334 
[39] Steiner M, Khan AH, Holbert D, Lin RI (1996): A double-blind crossover study 
in moderately hypercholesterolemic men that compared the effect of aged 
garlic extract and placebo administration on blood, Am J Clin Nutr, 64(6), p 
866-70. 
[40] Efendy JL, Simmons D L, Campbell GR, Campbell JH (1997): The effect of 
aged garlic extract, “Kyolic,” on the development of experimental 
atherosclerosis, Atherosclerosis 132(1), p 37-42 
[41] Sobenin IA, Andrianova IV, Demidova ON, Gorchakova T, Orekhov AN 
(2008): Lipid-lowering effects of time-released garlic powder tablets in 
double-blinded placebo-controlled randomized study, J Atheroscler Thromb 
15(6),p 334-8 
[42] Andrianova IV, Demidova OM, Medvedeva LA, Latyshev OA (2004): 
Correction of hyperlipidemia with Allicor, Klin Med (Mosk) 82(4),p 56-8. 
[43] Brace LD (2002): Cardiovascular benefits of garlic (Allium sativum L), J
Cardiovasc Nurs 16(4), p 33-49. 
[44] Wojcikowski K, Myers S, Brooks L (2007): Effects of garlic oil on platelet 
aggregation: a doubleblind placebo-controlled crossover study, Platelets 
18(1), p 29-34. 
Literature   
117
[45] Rahman K (2007): Effects of garlic on platelet biochemistry and physiology, 
Mol Nutr Food Res 51(11), p 1335-44 
[46] Ackermann RT, Mulrow CD, Ramirez G, Gardner CD, Morbidoni L, Lawrence 
VA (2001): Garlic shows promise for improving some cardiovascular risk 
factors, Arch Intern Med 161(6), p 813-24 
[47] Rahman K, Lowe GM (2006): Garlic and cardiovascular disease: a critical 
review, J Nutr 136(3 suppl),p 736-40 
[48] Lau BH (2006): Suppression of LDL oxidation by garlic compounds is a 
possible mechanism of cardiovascular health benefit, J Nutr, 136(3 suppl), p 
765-68 
[49] Borek C (2006): Garlic reduces dementia and heart disease risk, J Nutr 136(3 
suppl), p 810-12 
[50] Borrelli F, Capasso R, Izzo AA (2007): Garlic (Allium sativum L.): adverse 
effects and drug interactions in humans, Mol Nutr Food Res 51(11), p 1386-
97 
[51] Block E (1992): Die Organoschwefelchemie der Gattung Allium und ihre 
Bedeutung für die organische Chemie des Schwefels, Angew Chemie 104, 
p1158-1203. 
[52] Sticher O (1991): Beurteilung von Knoblauchpräparaten, Dtsch Apoth Ztg 131,  
p 403-413 
[53] Jansen H, Müller B, Knobloch K (1989): Characterization of an alliin lyase 
preparation from garlic (Allium sativum), Planta Med 55, p 434-39 
[54] Krest I, Keusgen M (1999): Quality of herbal remedies from Allium sativum: 
differences between alliinase from garlic powder and fresh garlic, Planta Med 
65, p 139-43  
Literature   
118
[55] Sanofi-aventis and Bristol-Myers-Quibb SNC: Summary of Product 
Characteristics - Plavix® (clopidogrel hydrogen sulphate), last revision Sept. 
2006 
[56] Tattelman E (2005): Health effects of garlic, Am Fam Physician, 72(1), p 103-
6
[57] Macan H, Uykimpang R, Alconcel M, Takasu J, Razon R, Amagase H, Niihara 
Y (2006): Aged garlic extract may be safe for patients on warfarin therapy, J
Nutr, 136(3 suppl),p  793-5 
[58] Kupper J, Reichert C(2009): Intoxications with plants, Ther Umsch, 66(5), p 
343-8.  
[59] Richter T (1999): Baerlauch in Medizin und Mythologie, Pharm Ztg 144, p 
2197-2198,  
 [60] Rietz B, Isensee H, Strohbach H, Makdessi S, Jacob R (1993): 
Cardioprotective actions of wild garlic (Allium ursinum) in ischemia and 
reperfusion, Mol Cell Biochem 119, p 143-150 
[61]Stajner D, Popovim BM, Canadanovim-Brunet J, Stajner M (2008): Antioxidant 
and scavenger activities of Allium ursinum. Fitoterapia 79(4), p 303-5 
[62] Schmitt B, Schulz H, Storsberg J, Keusgen M (2005): Chemical 
Characterization of Allium ursinum L. Depending on Harvesting Time, J.
Agric. Food Chem 53 (18), p 7288-94 
[63] Wagner H, Sendl A (1990): Baerlauch und Knoblauch. Vergleichende 
chemische und pharmazeutische Untersuchungen von Baerlauch- und 
Knoblauchextrakten, Dtsch Apoth Ztg 130,p 1809-1815 
Literature   
119
[64] Matsuura H, Inagaki M, Maeshige K, Ide N, Kajimura Y, Itakura Y (1996): 
Changes in Contents of gamma-Glutamyl Peptides and Fructan during 
Growth of Allium sativum, Planta Med 62, p 70-71 
[65] Sendl A, Elbl G, Steinke B, Redl K, Breu W, Wagner H (1992): Comparative 
pharmacological investigations of Allium ursinum and Allium sativum, Planta 
Med 58, p 1-7 
[66] Carotenuto A, De Feo V, Fattorusso E, Lanzotti V, Magno S, Cicala C: The 
flavonoids of Allium ursinum, Phytochemistry 41, p 531-36 
[67] Smeets K, Van Damme EJ, Van Leuven F, Peumans WJ (1997): Isolation, 
characterization and molecular cloning of a leaf-specific lectin from ramsons 
(Allium ursinum L.), Plant Mol Biol 35, p 531-35 
[68] Stajner D, Milim N, Canadanovim-Brunet J, Kapor A, Stajner M, Popovim BM 
(2006): Exploring Allium species as a source of potential medicinal agents, 
Phytother Res 20(7), p 581-84 
[69] Preuss HG, Clouatre D, Mohamadi A, Jarrell ST (2001):Wild garlic has a 
greater effect than regular garlic on blood pressure and blood chemistries of 
rats, Int Urol Nephrol 32(4),p 525-30. 
[70] Hahn-Deinstrop E (1998): Dünnschicht-Chromatographie. Praktische 
Durchführung und Fehlervermeidung, Wiley-VCH 
[71] Wagner H, Bladt S (1996): Plant Drug analysis – A Thin Layer 
Chromatography Atlas, 2nd Ed., Springer Verlag Heidelberg 
[72] Grötzinger K (2005): 3,4’-Dihydroxypropiophenone – eine bislang unbeachtete 
Wirkstoffe aus Betulae folium (Ph. Eur.) und Birkenblatt-Zubereitungen: 
Phytoanalytik, Chemosystematik, In-Vitro-Bioassays, doctoral dissertation, 
Leipzig University, p 95-97  
Literature   
120
[73] Kanaki NS, Rajani M. (2005): Development and validation of a thin-layer 
chromatography-densitometric method for the quantitation of alliin from garlic 
(Allium sativum) and its formulations, J AOAC Int 88(5), p 1568-70 
[74] ZM Zou, DQ Yu, PZ Cong (2001): A steroidal saponin from the seeds of 
Allium tuberosum, Phytochemistry 57, p 1219-1222 
[75] Rauwald HW, Janßen B (1988): Desglucoruscin und Desglucoruscosid als 
Leitstoffe des Ruscus aculeatus-Wurzelstocks. Analytische Kennzeichnung 
mittels HPLC und DC in Droge und pharmazeutischen Zubereitungen, 
Pharm Ztg Wiss 1(133), p 61-68 
[76] Rauwald HW, Janßen B (1988): Improved Isolation and HPLC/TLC Analyses 
of Major Saponins from Ruscus aculeatus, Planta Med 54(6), p 581 
[77] Dini I, Tenore GC, Trimarco E, Dini A (2005): Furostanol saponins in Allium 
caepa L. Var. tropeana seeds, Food Chem 93, p 205-14 
[78] Carotenuto A, Ernesto Fattorusso E, Lanzotti V, Magno S (1999): Spirostanol 
saponins of Allium porrum L., Phytochem 51, p 1077-82 
[79] Kawashima K, Mimaki Y, Sashida Y (1993): Steroidal saponins from the bulbs 
of Allium schuberti, Phytochem 32,p 1267-72 
[80] Mohammad SF, Woodward SC (1986): Characterization of a potent inhibitor 
of platelet aggregation and release reaction isolated from Allium sativum 
(garlic), Thrombosis Res 44, p 793-806 
[81] Liakopoulou-Kyriakides M (1985): Ralation between the structure of aliin 
analogues and their inhibitory effect on platelet aggregation, Phytochem 
24(7), p1593-95 
Literature   
121
[82] Manaster Y, Shenkman B, Rosenberg N, Savion N (2009): Allicin and 
disulfiram enhance platelet integrin FIIbN3-fibrinogen-binding, Thrombosis 
Res124, p477-82 
[83] Legnani C, Frascaro M, Guazzaloca G, Ludovici S, Cesarano G, Coccheri S 
(1993): Effects of a dried garlic preparation on fibrinolysis and platelet 
aggregation in healthy subjects, Arzneimittelforschung 43(2),p119-22 
[84] Apitz-Castro R, Jain MK, Bartoli F, Ledezma E, Ruiz MC, Salas R (1991): 
Evidence for direct coupling of primary agonist-receptor interaction to the 
exposure of functional IIb-IIIa complexes in human blood platelets. Results 
from studies with the antiplatelet compound ajoene, Biochim Biophys Acta 
1094,p 269-80 
[85] Steiner M, Lin RS (1998): Changes in platelet function and susceptibility of 
lipoproteins to oxidation associated with administration of aged garlic extract, 
J Cardiovasc Pharmacol 31, p 904–908. 
[86] Hiyasat B, Sabha D, Grötzinger K, Kempfert J, Rauwald JW, Mohr FW, Dhein 
S (2009): Antiplatelet activity of Allium ursinum and Allium sativum,
Pharmacology 83(4),p 197-204 
[87] Rahman K, Billington D (2000): Dietary supplementation with aged garlic 
extract inhibits ADP-induced platelet aggregation in humans, J Nutr 130,p  
2662-65 
[88] Takasaki J, Kamohara M, Saito T, Matsumoto M, Matsumoto S, Ohishi T, 
Soga T, Matsushime H, Furuichi K (2001): Molecular cloning of the platelet 
P2T(AC) ADP receptor: pharmacological comparison with another ADP 
receptor, the P2Y(1) receptor, Mol Pharmacol, 60(3), p 432-39 
Literature   
122
[89] Teranishi K, Apitz-Castro R, Robson SC, Romano E, Cooper DK (2003): 
Inhibition of baboon platelet aggregation in vitro and in vivo by the garlic 
derivative, ajoene, Xerotransplantation, 10(4),  p 374-49 
[90] Lawson LD, Hughes BG (1992): Characterization of the formation of allicin 
and other thiosulfinates from garlic, Planta Med 58(4), p 345-50 
[91] Cavagnaro PF, Camargo A, Galmarini CR, Simon PW (2007): Effect of 
cooking on garlic (Allium sativum L.) antiplatelet activity and thiosulfinates 
content, J Agric Food Chem 55(4), p 1280-88 
[92] Poincelot RP (1976): Lipid and Fatty Acid Composition of Chloroplast 
Envelope Membranes from Species with Differing Net Photosynthesis, Plant 
Physiol, 58(4), p 595-98 
[93] Weil MJ, Zhang Y, Nair MG (2005): Tumor cell proliferation and 
cyclooxygenase inhibitory constituents in horseradish (Armoracia rusticana)
and Wasabi (Wasabia japonica), J Agric Food Chem 53(5), p 1440-44 
[94] Goncagul G, Ayaz E (2010): Antimicrobial effect of garlic (Allium sativum), 
Recent Pat Antiinfect Drug Discov, 5(1), p 91-93  
[95] Block E (1985): The chemistry of garlic and onions, Sci. Am., 252, p 114-119 
[96] Peng JP, Chen H, Qiao YQ, Ma LR, Narui T, Suzuki H, Okuyama T, 
Kobayashi H (1996): Two new steroidal saponins from Allium sativum and 
their inhibitory effects on blood coagulability, Yao Xue Xue Bao, 31(8), p 
607-12 
[97] Mochizuki E, Yamamoto T, Mimaki Y, Sashida Y (2004): Ultraviolet 
derivatization of steroidal saponin in garlic and commercial garlic products as 
p-nitrobenzoate for liquid chromatographic determination, J AOAC Int, 87(5), 
p 1063-39 
Literature   
123
[98] Awad AB, Fink CS, Williams H, Kim U  (2001): In vitro and in vivo (SCID mice) 
effects of phytosterols on the growth and dissemination of human prostate 
cancer PC-3 cells, Eur J Cancer Prev, 10(6), p 507-13 
[99] Jourdain C, Tenca G, Deguercy A, Troplin P, Poelman D (2006) In-vitro 
effects of polyphenols from cocoa and beta-sitosterol on the growth of 
human prostate cancer and normal cells, Eur J Cancer Prev, 15(4),p 353-61 
[100] Wilt TJ, MacDonald R, Ishani A (1999) beta-sitosterol for the treatment of 
benign prostatic hyperplasia: a systematic review, BJU Int, 83(9), p 976-83 
[101] Webster DE, Chang SB (1969): polygalactolipids in spinach chloroplasts, 
Plant Physiol, 44(11), 1523-27 
[102] T. Dingermann, Gentechnik - Biotechnik, Lehrbuch und Kompendium für 
Studium und Praxis, Wissenschaftliche Verlagsgesellschaft mbH Stuttgat, p 
467 
124
Thanks letter  
My special thanks go to... 
 
I wish to thank Professor Friedrich-Wilhelm Mohr, who opened the door for me and 
my husband to work in Heart Centre Leipzig and gave us all the help, support and 
the laboratory space to perform this thesis work.  
I’m really thankful to Professor Stefan Dhein who has guided and supervised me 
during this time in his research lab. Still I remember how much he made things 
easy for us when we just arrived in Leipzig despite all the difficulties. Professor 
Dhein was a teacher by all means. He was there whenever I need him. I really 
appreciate all what he has done for me and for my family.  
I can’t forget Professor Johann-Wilhelm Rauwald, Institute for Pharmacy, Chair of 
Pharmaceutical Biology, Leipzig University, and I want to thank him for mentoring 
and intensely supervision during my phytochemical experiments.Professor 
Rauwald always offered me a lot of information and help. 
I also want to thank the group of Professor Rauwald, especially Dr. Kristina 
Grötzinger for help and advices. Dr Grötzinger was my supervisor and teacher at 
the research lab. She is a wonderful lady who trained me how to be scientific, 
precise and accurate. 
As well I have to thank to Ramona Oehme and Dr. Claudia Birkemeyer, Institute 
for Analytical Chemistry, Leipzig University, for mass spectrometry measurements 
and their help in analysis of the mass spectra. 
I want to thank Jutta Ortwein, Institute for Pharmacy, Pharmaceutical Chemistry, 
Leipzig University, and Dr. Lothar Hennig, Institute for Organic chemistry, 
department of chemistry, Leipzig University, for NMR measurements, especially I 
125
want to thank Dr. Lothar Hennig for his competent help in interpretation the NMR 
spectra. 
Dr Aida Salameh was my friend there when I was a way from my home. I can’t 
forget all the support and kindness Dr. Salameh offered me. 
126
Eidesstattliche Erklärung 
Hiermit erkläre ich, dass ich die vorliegende Arbeit selbständig und ohne 
unzulässige Hilfe oder Benutzung anderer als der angegebenen Hilfsmittel 
angefertigt habe. Ich versichere, dass Dritte von mir weder unmittelbar noch 
mittelbar geldwerte Leistungen für Arbeiten erhalten haben, die im 
Zusammenhang mit dem Inhalt der vorgelegten Dissertation stehen, und dass die 
vorgelegte Arbeit weder im Inland noch im Ausland in gleicher oder ähnlicher 
Form einer anderen Prüfungsbehörde zum Zweck einer Promotion oder eines 
anderen Prüfungsverfahrens vorgelegt wurde. Alles aus anderen Quellen und von 
anderen Personen übernommene Material, das in der Arbeit verwendet wurde 
oder auf das direkt Bezug genommen wird, wurde als solches kenntlich gemacht. 
Insbesondere wurden alle Personen genannt, die direkt an der Entstehung der 
vorliegenden Arbeit beteiligt waren. 
 
Leipzig, den 14.04.2011 
 
127
Curriculum Vita 
Personal Data: 
 Name: Dina Talat Sabha 
 Place and Date of Birth: Amman, 18th Aug 1979. 
 Nationality: Jordanian 
 Marital Status: Married  
Languages: 
 Arabic (Mother Tongue) 
 English (Fluent Written and Spoken) 
 German courses (3 courses at Gote institute ) and( 1 year at HWS 
Germany) 
Address:
 Tel : Mobile : 079 6711188 
 Home : 00962 6 5330256  
 E-mail : dinasabha@hotmail.com 
Education: 
 B.Sc. in Pharmacy from Jordan University of Science and 
Technology 2002. 
Objective: 
 Seeking a product manager position at your esteemed organization 
where I can utilize my diverse experiences in the Pharmaceutical 
Industry over the past 8 years in order to benefit the organization in 
achieving their objectives and enrich my career. 
 
Qualifications: 
 
 Working as product specialist for CNS line in novartis .since 
December 2007, during which I had participated in preparing 
market plans and sales strategies for (exelon,stalevo,tegretol and 
trileptal), I conducted different lectures related to the products and 
diseases ,and I had prepared and conducted neuroscience 
products training for Palestine field force,  I have been chosen for 
the (talent mapping award).  
 Working for diploma project of ( Antiplatelet aggregante activity 
of Allium ursinum and Allium sativum)in Leipzig University 
(Germany). From December 2006-december 2007. 
 Responsible for Tender Business and institution for 
cardiovascular \endocrine line in Merck (concor, 
glucophage,,neurobion,cytobion), 2004. 
 Representing Merck serono in cardiovascular and neuroscience, 
since January 2003.during which I had Participated in launching of 
different products as concorcor, glucophage 
1g,glucovance,cytobion  
 
128
 Working as medical rep.In Enothera from February 2002 tell 
January 2003.    
 Practicing in Hikma Pharmaceuticals Company in Quality Control 
and Registration Department during university summer vacation. 
 Excellent Computer Background in Windows, Word, Excel, Power 
point, and Internet 
 
Competencies: 
 Have a value-based mindset in my area of responsibility, and a 
passion for value creation to build loyal team and enhance the 
organization’s image. 
 Creativity in solving problems and finding new ways in doing business. 
 Leadership qualities, engages and inspires others to higher levels of 
performance. 
 Determines and articulates clear strategies and objectives. 
 Designing action plans to achieve goals and ensure excellence in 
execution. 
 Drives results by exceeding the performance expectations and the set 
targets consistently. 
 Keen to show initiative.  
 Ability to prioritize tasks in an organized manner. 
 
Values:
 Creates an environment in my area of responsibility characterized by 
credibility, and trust. 
 Team work. 
 Have a sense of urgency and responsibility. 
 Transparent and honest. 
Projects implementation: 
 Memory clinic project: 
 The aim of memory clinic project is to increase the awareness of 
Alzheimer disease in privet and public sector and to prepare the market 
for Exelon patch launch, the outcome of this project was achieved by 
increasing the sales of Exelon as it turns to be market leader, public 
outcome succeeded by including the Exelon in MOH insurance. 
129
Consumer project: 
 Alzheimer caregiver’s awareness program: 
 
 The aim of this project is to increase the educational and behavior 
aspects for AD patients and caregivers; the outcome is increasing the 
patients stick to medication. And increase the detection of Alzheimer 
disease. 
Courses and training: 
 A course in (Pharmaceutical Marketing and Promotional Skills) 
from   Yarmouk University in 2001. 
 Professional selling skills 
 Advanced selling skills 
 Group presentation and round table discussion. 
 Social styles course. 
 Essentials of marketing. 
 Business planning. 
 Insights into personal and team effectiveness course. 
 Sales management. 
 Arrow training. 
 Talent mapping training. 
Publication: 
 (The antiplatelet activity of Allium ursinum and Allium Sativum),                            
Journal of pharmacology 2009  
References: available upon request.                    
 
